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What is the effect of factor mobility on income convergence?  Why are population flows
so persistent?  Extending the neoclassical growth model to allow for mobile labor, in a
long run steady state, individuals and firms receive equal levels of utility and profits
across localities. But frictions in the form of a cost to installing capital proportional to
the rate of gross investment and an analogous cost to moving proportional to the rate of
net migration effect extended equilibrium transition paths during which rents will be
associated with living and owning capital in some localities relative to others. The speed
of income convergence depends mostly on capital mobility (i.e. the installation cost) and
is relatively insensitive to the degree of labor mobility. Persistent population flows
result from relatively small changes in local productivity or quality of life, even with
very high labor mobility; but even when population is relatively distant from its steady-
state level, wages and land prices remain relatively close to their steady-state levels.
Local growth theory admits several other results. The speed of income convergence
varies considerably in a neigborhood very close to the steady state. Consumption
smoothing causes steady-state asset wealth and hence steady-state population density
to be history dependent. Steady-state land prices rise at exactly the right rate to offset
any flow of population from high productivity to high
quality-of-life locales as per capita income rises.
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4L q w u r g x f w l r q
Krz gr zh wklqn derxw hfrqrplf jurzwk lq d orfdo frqwh{wB Kljk ohyhov ri oderu prelolw|
zrxog vhhp wr sodfh dq xsshu erxqg rq wkh ghjuhh wr zklfk shu fdslwd lqfrph ohyhov/ ohw
dorqh shu fdslwd lqfrph jurzwk udwhv/ fdq gl￿hu dprqj orfdolwlhv1 Zklfk vxjjhvwv d vhfrqg
txhvwlrq/ sduwlfxoduo| uhohydqw dv Hxurshdq qdwlrqv uhpryh irupdo eduulhuv wr lqwhuqdo oderu
pljudwlrq= Krz lpsruwdqw lv oderu prelolw| wr shu fdslwd lqfrph frqyhujhqfhB Ilqdoo|/
jlyhq wkdw lw lv rqh ri wkh prvw vdolhqw fkdudfwhulvwlfv dprqj orfdolwlhv dfurvv zklfk wkhuh lv
d kljk ohyho ri oderu prelolw|/ Zk| duh srsxodwlrq dqg hpsor|phqw  rzv vr shuvlvwhqwB
Wr dqvzhu wkhvh uhtxluhv dq h{solflwo| orfdo wkhru| ri hfrqrplf jurzwk1 E| ￿orfdo￿
L phdq wr frqqrwh d vpdoo rshq hfrqrp| zklfk h{lvwv zlwklq d odujhu lqwhjudwhg pdfur0
hfrqrp| fkdudfwhul}hg e| kljk oderu prelolw|1 Wkxv d orfdolw| pd| fruuhvsrqg wr d flw| ru
uhjlrq zlwklq d qdwlrq vwdwh ru hyhq/ dv vxjjhvwhg e| wkh h{dpsoh ri wkh Hxurshdq Xqlrq/
wr d qdwlrq vwdwh lwvhoi1 Ehlqj vpdoo/ d orfdolw| fdq wdnh wudgdeoh rxwsxw sulfhv dqg lqwhu0
hvw udwhv dv jlyhq> frqglwlrqv zlwklq wkh orfdolw| lwvhoi/ rq wkh rwkhu kdqg/ ghwhuplqh orfdo
qrqwudgdeoh sulfhv/ orfdo zdjh ohyhov/ dqg orfdo srsxodwlrq1
Lq zkdw iroorzv L h{whqg qhrfodvvlfdo jurzwk wkhru| +Udpvh|/ 4<5;> Fdvv/ 4<98> Nrrs0
pdqv/ 4<98, wr prgho vxfk d orfdolw|1 Grlqj vr uhtxluhv wkh lqwurgxfwlrq ri d ￿{hg uhvrxufh
rwkhu wkdq srsxodwlrq wr fdswxuh wkdw orfdolwlhv duh olplwhg lq vfrsh> odqg lv wkh reylrxv
fdqglgdwh1 Wkdw lqglylgxdov* orfdwlrq ghflvlrqv pd| ghshqg rq orfdo dwwulexwhv lq zd|v
rwkhu wkdq krz vxfk dwwulexwhv d￿hfw orfdo zdjhv dqg odqg sulfhv uhtxluhv wkh lqwurgxfwlrq
ri orfdo txdolw| ri olih lqwr xwlolw| ixqfwlrqv1 Lq d orqj uxq vwhdg| vwdwh/ orfdolwlhv pxvw
r￿hu uhvlghqw ￿upv dqg lqglylgxdov wkh vdph ohyho ri sur￿wv dqg xwlolw| dydlodeoh wr wkhp
hovhzkhuh zlwklq wkh lqwhjudwhg pdfurhfrqrp|1 Exw iulfwlrqv/ lq wkh irup ri dq lqvwdoodwlrq
frvw wr fdslwdo sursruwlrqdo wr wkh udwh ri jurvv lqyhvwphqw dqg dq dqdorjrxv prylqj frvw
sursruwlrqdo wr wkh udwh ri qhw pljudwlrq h￿hfw dq h{whqghg htxloleulxp wudqvlwlrq sdwk
gxulqj zklfk uhqwv zloo eh dvvrfldwhg zlwk rzqlqj lqvwdoohg fdslwdo dqg olylqj lq fhuwdlq or0fdolwlhv uhodwlyh wr rwkhuv1 Khuhlq L zloo irfxv rq wkh g|qdplfv h{shulhqfhg e| d vlqjoh vxfk
orfdolw| zkloh dvvxplqj wkdw wkh lqwhjudwhg uhvw0ri0zruog hfrqrp| lv douhdg| dw lwv vwhdg|
vwdwh1 Wkh g|qdplfv e| zklfk wkh ryhudoo v|vwhp uhdfkhv d vwhdg| vwdwh wkxv uhpdlqv dq
lpsruwdqw txhvwlrq iru ixwxuh uhvhdufk
Wkh fkrlfh ri wkh qhrfodvvlfdo iudphzrun/ lq zklfk wkh ohyho ri whfkqrorj| lv h{rjhqrxvo|
ghwhuplqhg/ lv prwlydwhg e| wkh vpdooqhvv dvvxpswlrq rq orfdolwlhv dqg vhuyhv dv d qdwxudo
￿uvw sdvv dw prgholqj orfdo jurzwk wkhru|1 Lqfuhdvlqj uhwxuqv wr vfdoh dqg orfdo nqrzohgjh
vslooryhuv/ krzhyhu/ vxjjhvw wkdw hqgrjhqrxv jurzwk prghov vkrxog suryh htxdoo| dssolfdeoh
wr d orfdo vhwwlqj +Nuxjpdq/ 4<<4/ Dghv dqg Jodhvhu/ 4<<8,1
Ydulrxv hohphqwv ri d qhrfodvvlfdo orfdo jurzwk wkhru| douhdg| h{lvw zlwklq wkh hfr0
qrplfv olwhudwxuh1 Lq sduwlfxodu/ Pxhvhu dqg Judyhv +4<<8, frqwhqg wkdw wkh lqvwdqwdqhrxv
htxdwlqj ri xwlolw| dqg sur￿wv dfurvv orfdolwlhv dvvxphg e| vwdwlf wkhrulhv ri orfdwlrqdo fkrlfh
lv xquhdolvwlf> lqvwhdg/ wkh| dujxh wkdw srsxodwlrq dqg ￿up orfdwlrqdo pryhphqwv pxvw eh
sursruwlrqdo wr xwlolw| dqg sur￿w gl￿huhqwldov1 Pruh irupdoo|/ Eudxq +4<<6, lqwurgxfhv
oderu prelolw| lqwr wkh qhrfodvvlfdo jurzwk iudphzrun e| dvvxplqj wkdw oderu  rzv duh
sursruwlrqdo wr wkh gl￿huhqfh lq wkh qhw suhvhqw ydoxh ri oderu lqfrph1
Dgguhvvlqj wkh txhvwlrqv udlvhg deryh/ orfdo jurzwk g|qdplfv vxjjhvw wkdw wkh vshhg
ri lqfrph frqyhujhqfh ghshqgv prvwo| rq fdslwdo prelolw| +l1h1 wkh lqvwdoodwlrq frvw, dqg lv
uhodwlyho| lqvhqvlwlyh wr wkh ghjuhh ri oderu prelolw|1 Shuvlvwhqw srsxodwlrq  rzv uhvxow iurp
uhodwlyho| vpdoo fkdqjhv lq orfdo surgxfwlylw| ru txdolw| ri olih/ hyhq zlwk yhu| kljk oderu
prelolw|1 Dv wr krz wr wklqn derxw jurzwk lq d orfdo frqwh{w/  rzv ri srsxodwlrq vhuyh dv
wkh orfdo revhuydeoh wkdw ehvw phdvxuhv fkdqjhv lq xqghuo|lqj surgxfwlylw| dqg txdolw| ri
olih1
Orfdo jurzwk wkhru| dgplwv vhyhudo rwkhu uhvxowv1 Wkh vshhg ri lqfrph frqyhujhqfh
ydulhv frqvlghudeo| lq d qhljerukrrg yhu| forvh wr wkh vwhdg| vwdwh1 Frqvxpswlrq vprrwklqj
fdxvhv vwhdg|0vwdwh dvvhw zhdowk dqg khqfh vwhdg|0vwdwh srsxodwlrq ghqvlw| wr eh klvwru|
ghshqghqw1 Vwhdg|0vwdwh odqg sulfhv ulvh dw h{dfwo| wkh uljkw udwh wr r￿vhw dq|  rz ri
srsxodwlrq iurp kljk surgxfwlylw| wr kljk txdolw|0ri0olih orfdohv dv shu fdslwd lqfrph ulvhv1
Wkh sdshu surfhhgv dv iroorzv= Vhfwlrq 5 od|v rxw d vwdwlf prgho ri orfdwlrqdo fkrlfh1
Vhfwlrq 6 ghyhorsv wkh g|qdplf prgho ri orfdo jurzwk lqfrusrudwlqj wkh vwdwlf prgho dv
lwv orqj uxq vwhdg| vwdwh exw lqwurgxflqj iulfwlrqv zklfk h￿hfw dq h{whqghg htxloleulxp
wudqvlwlrq sdwk1 Vhfwlrq 7 glvfxvvhv wkh wudqvlwlrqdo g|qdplfv iroorzlqj d qhjdwlyh vkrfn wr
5orfdolw|*v fdslwdo vwrfn1 Vhfwlrq 8 glvfxvvhv wkh wudqvlwlrqdo g|qdplfv iroorzlqj fkdqjhv wr
orfdo wrwdo idfwru surgxfwlylw| dqg wr orfdo txdolw| ri olih1 Vhfwlrq 9 frqfoxghv1
5V w d w l f W k h r u |
Erwk wkh vwdwlf dqg g|qdplf prghov ylhz wkh zruog dv d v|vwhp ri vpdoo/ rshq hfrqrplhv
zlwk kljk furvv0erughu idfwru prelolw|1 Rswlpl}lqj lqglylgxdov zlwklq vxfk dq lqwhjudwhg
hfrqrp| fkrrvh wr olyh lq wkh orfdolw| r￿hulqj wkh kljkhvw xwlolw|> rswlpl}lqj ￿upv fkrrvh wr
orfdwh lq wkh orfdolw| r￿hulqj wkh kljkhvw sur￿wv1 Wkh uhvxowlqj vkliwv lq orfdo oderu vxsso|
dqg oderu ghpdqg h￿hfw d vsdwldo htxloleulxp fkdudfwhul}hg e| lghqwlfdo ohyhov ri xwlolw| dqg
sur￿wv dfurvv orfdolwlhv1 +Urvhq/ 4<:<> Uredfn/ 4<;5> J|rxunr dqg Wudf|/ 4<;</ 4<<4,1
Pruh irupdoo|/ wkh htxdwlqj ri xwlolw| ohyhov dfurvv orfdolwlhv fdq eh fdswxuhg e|/
X +s>z>txdolw| ri olih,@
￿
pd{
Sc? x+f>q>txdolw| ri olih,v1w1 f . sq ￿ z
￿
@ X +4,
xS +￿, A 3> xSS +￿, ? 3
x? +￿, A 3> x?? +￿, ? 3
xtxdolw| +￿, A 3> xSctxdolw| +￿,@x?ctxdolw| +￿,
Khuh/ X+￿, uhsuhvhqwv dq lqgluhfw xwlolw| ixqfwlrq zlwk wkh sulfh ri krxvlqj vhuylfhv/ s/
dqg wkh zdjh ohyho/ z/ dv lwv dujxphqwv/ dqg txdolw| ri olih dv d vkliw sdudphwhu1 Wkh
xqghuo|lqj +gluhfw, xwlolw| ixqfwlrq/ x+￿,/ lv lqfuhdvlqj lq frqvxpswlrq ri d wudgdeoh jrrg/ f/
dqg qrqwudgdeoh krxvlqj vhuylfhv/ q1 Zlwk wkh wudgdeoh jrrg dv qxphudluh dqg qrupdol}lqj
wkh shu fdslwd txdqwlw| ri lqhodvwlfdoo| vxssolhg oderu wr rqh/ lqglylgxdov idfh wkh exgjhw
frqvwudlqw wkdw wkhlu wudgdeoh frqvxpswlrq soxv wkhlu h{shqglwxuh rq krxvlqj vhuylfhv qrw
h{fhhg wkh zdjh udwh1 Wkh ￿uvw wzr vhwv ri ghulydwlyh uhvwulfwlrqv mxvw hvwdeolvk wkdw xwlolw|
lv vwulfwo| lqfuhdvlqj dqg frqfdyh zlwk uhvshfw wr erwk wkh wudgdeoh dqg qrqwudgdeoh jrrgv1
Wkh wklug vhw ri ghulydwlyh uhvwulfwlrqv hvwdeolvkhv wkdw d kljkhu txdolw| ri olih lqghhg udlvhv
lqglylgxdo xwlolw| exw wkdw lw grhv qrw dowhu wkh uhodwlyh xwlolw| wudgh0r￿ ehwzhhq wkh wudgdeoh
dqg qrqwudgdeoh jrrgv1





I +N>O>surgxfwlylw|, ￿ zO￿ +4 . ￿ u,N
￿
@ ￿ +5,
Ig +￿, A 3> Iu +￿, A 3> Isurgxfwlylw| +￿, A 3
6￿+￿, uhsuhvhqwv d ￿up sur￿w ixqfwlrq zklfk/ jlyhq orfdo zdjhv dqg dq h{rjhqrxv lqwhuhvw
udwh/ lv wkh pd{lpl}hg ydoxh ri ￿up surgxfwlrq ohvv lwv zdjh dqg lqwhuhvw eloo1 Wkh ghulydwlyh
dvvxpswlrqv hvwdeolvk wkdw wkh pdujlqdo surgxfwv ri fdslwdo dqg oderu dozd|v uhpdlq srvlwyh
dqg wkdw kljkhu surgxfwlylw| lqghhg udlvhv rxwsxw1
Qrupdol}lqj wkh txdqwlw| ri odqg wr rqh/ dqg dvvxplqj d  rz ri rqh xqlw ri krxvlqj
vhuylfhv iurp hdfk xqlw ri odqg/ d uhsuhvhqwdwlyh orfdolw|*v uhvrxufh frqvwudlqw jlyhv/
qO @4 +6,
Qrwh wkdw iru wkh uhsuhvhqwdwlyh orfdolw|/ O phdvxuhv erwk srsxodwlrq dqg srsxodwlrq ghq0
vlw|1 Jhqhudol}lqj wr orfdolwlhv zlwk gl￿huhqw +￿{hg, txdqwlwlhv ri odqg/ O vkrxog eh lqwhu0












g txdolw| ri olih
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g txdolw| ri olih
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g txdolw| ri olih
A 3 +8,
Surriv ri +7, dqg +8, duh ghihuuhg xqwlo Dsshqgl{ D1
Dq lpsruwdqw fdyhdw wr wkh suhfhglqj sduwldo ghulydwlyhv lv wkdw vhyhudo uho| rq wkh h{0
foxvlrq ri odqg iurp wkh surgxfwlrq ixqfwlrq/ I +￿,1 Zkhq odqg lv lqfoxghg lq wkh surgxfwlrq
ixqfwlrq dv lq Uredfn +4<;5, dqg J|rxunr dqg Wudf| +4<;</ 4<<4,/ wkh ghulydwlyh ri wkh
rxwsxw0ghqrplqdwhg zdjh zlwk uhvshfw wr txdolw| ri olih/ g￿
g txdolw| ri olih/ lv qhjdwlyh= lq rughu
wr dwwdlq wkhlu uhvhuydwlrq ohyho ri sur￿wv/ ￿upv sd| d orzhu rxwsxw0ghqrplqdwhg zdjh dv
frpshqvdwlrq iru wkh kljkhu rxwsxw ghqrplqdwhg odqg sulfh1 Zlwk odqg h{foxghg iurp wkh
surgxfwlrq ixqfwlrq/ wkh ghulydwlyh ri wkh rxwsxw0ghqrplqdwhg zdjh zlwk uhvshfw wr txdolw|
ri olih lv }hur exw wkh ghulydwlyh ri wkh uhdo/ frqvxpswlrq0ghqrplqdwhg zdjh zlwk uhvshfw wr
txdolw| ri olih lv qhjdwlyh1 Pruh lpsruwdqwo|/ wkh srvlwlyh ghulydwlyh ri srsxodwlrq ghqvlw|
zlwk uhvshfw wr surgxfwlylw| pd| qrw iroorz1 Kljkhu surgxfwlylw| fdxvhv dq rxwzdug vkliw lq
erwk ￿upv* dqg lqglylgxdov* ghpdqg iru krxvlqj vhuylfhv +gxh/ uhvshfwlyho|/ wr dq lqfuhdvh
lq wkh pdujlqdo surgxfw ri odqg dqg wkh lqfrph h￿hfw ri kljkhu rxwsxw ghqrplqdwhg zdjhv,1
Wrjhwkhu zlwk wkh uhvxowlqj lqfuhdvh lq wkh sulfh ri krxvlqj vhuylfhv/ kljkhu surgxfwlylw|
pd| fdxvh wkh dfwxdo djjuhjdwh txdqwlw| ri krxvlqj vhuylfhv sxufkdvhg e| ￿upv dqg wkh shu
fdslwd txdqwlw| ri krxvlqj vhuylfhv sxufkdvhg e| lqglylgxdov wr hlwkhu lqfuhdvh ru ghfuhdvh1
Zkhq odqg lv devhqw iurp wkh surgxfwlrq ixqfwlrq/ Dsshqgl{ D suryhv wkdw iru lqglylgxdov/
7wkh sulfh h￿hfw grplqdwhv wkh lqfrph h￿hfw vr wkdw shu fdslwd odqg vhuylfh frqvxpswlrq
gursv dqg khqfh srsxodwlrq pxvw lqfuhdvh1 Exw li ￿upv lqfuhdvh wkhlu djjuhjdwh xvh ri odqg/
wkhq hyhq d ghfuhdvh lq shu fdslwd odqg vhuylfh frqvxpswlrq pd| qrw eh vx!flhqw wr suhyhqw
d ghfuhdvh lq srsxodwlrq1 Khqfh orfdo jurzwk wkhru| dv suhvhqwhg khuhlq pd| qrw eh d yhu|
jrrg prgho iru hfrqrplhv lq zklfk d odqg lv d odujh lqsxw lqwr wudgdeoh surgxfwlrq +h1j1
hfrqrplhv zklfk duh sulpdulo| djulfxowxudo,1
6G | q d p l f W k h r u |
Wkh orfdo jurzwk prgho zklfk iroorzv hpehgv wkh vwdwlf vsdwldo htxloleulxp deryh dv lwv orqj
uxq vwhdg| vwdwh exw dvvxphv iulfwlrqv lq wkh irup ri d frvw wr lqvwdoolqj fdslwdo sursruwlrqdo
wr wkh udwh ri jurvv lqyhvwphqw dqg dq dqdorjrxv xwlolw| frvw wr prylqj sursruwlrqdo wr wkh
udwh ri qhw pljudwlrq zklfk h￿hfw dq h{whqghg htxloleulxp wudqvlwlrq sdwk gxulqj zklfk
uhqwv zloo eh dvvrfldwhg zlwk rzqlqj lqvwdoohg fdslwdo dqg olylqj lq fhuwdlq orfdolwlhv uhodwlyh
wr rwkhuv1
Wkrxjk vwudljkwiruzdug/ wkh fxuuhqw prgho lv d fkdoohqjh wr suhvhqw gxh wr wkh odujh
qxpehu ri dvvrfldwhg yduldeohv dqg htxdwlrqv1 Khqfh L kdyh fkrvhq wr kljkoljkw mxvw wkh
vhwxs dqg wkh uhvxowv1 Doo ghulydwlrqv duh dydlodeoh xsrq uhtxhvw1 Wkh uhpdlqghu ri wklv
vhfwlrq lv glylghg lqwr vhyhq vxevhfwlrqv= lqglylgxdo xwlolw| ixqfwlrqv dqg ehkdylru/ ￿up sur0
gxfwlrq ixqfwlrqv dqg ehkdylru/ odqg sulfh ghwhuplqdwlrq/ fkdudfwhulvwlfv ri wkh urz vwhdg|
vwdwh/ wkh ghflvlrq e| lqglylgxdov wr pljudwh wr ru iurp orfdolw| l/ wkh lpsolhg g|qdplfv
ri orfdolw| l*v wudqvlwlrq/ dqg ￿ ￿qdoo| ￿ wkh fkdudfwhulvwlfv ri wkh orfdolw|0l vwhdg| vwdwh
lqfoxglqj frpsdudwlyh vwhdg|0vwdwh ￿vwdwlfv￿ dvvrfldwhg zlwk fkdqjhv lq h{rjhqrxv sdudph0
whuv1
614 Lqglylgxdov
L dvvxph d vpdoo rshq hfrqrp| lqkdelwhg e| d frqwlqxxp ri lqglylgxdov zlwk froohfwlyh
pdvv O￿+w,1 Wkhvh lqglylgxdov qhhg qrw eh lghqwlfdo> exw li wkh| duh qrw/ L pxvw dgrsw
d vwuxfwxuh vx!flhqw wr doorz iru wkh dgplwwdqfh ri d uhsuhvhqwdwlyh orfdo djhqw1 Khuhlq/
vxfk vwuxfwxuh lv lqghhg suhvhqw dv duh dvvxpswlrqv wkdw lqvxuh wkdw doo orfdoo|0uhvlglqj
lqglylgxdov duh lghqwlfdo> shu fdslwd yduldeohv fdq wkxv eh lqwhusuhwhg dv shuwdlqlqj hlwkhu
wr d uhsuhvhqwdwlyh djhqw ru wr doo orfdo lqglylgxdov1 D nh| gl￿huhqfh iurp wkh vwdqgdug
8qhrfodvvlfdo iudphzrun lv wkdw lq dgglwlrq wr wkh frqvxpswlrq ri sulydwh rxwsxw jrrgv/
lqglylgxdov dovr ghulyh xwlolw| iurp wkh frqvxpswlrq ri sulydwh krxvlqj vhuylfhv/ q￿+w,/d q g





+4 ￿ ￿,orj+f￿ +v,, . ￿ orj+q￿ +v,, . ￿orj+txdolw|￿ +v,,h34Er3|￿
￿
gv +9,
Dv lq wkh qhrfodvvlfdo prgho/ lqglylgxdov idfh dq lqvwdqwdqhrxv dvvhw dffxpxodwlrq frq0
vwudlqw1 Zlwk wkh rxwsxw jrrg dv qxphudluh/ s￿+w, dv wkh uhqwdo sulfh ri krxvlqj vhuylfhv/
dqg dvvxplqj devhqwhh odqgorugv/ wklv lv jlyhq e|/
g
gw
dvvhwv￿ +w,@u ￿ dvvhwv￿ +w,.z￿ +w, ￿ f￿ +w, ￿ s￿ +w,q￿ +w, +:,
Lq dgglwlrq/ lqglylgxdov idfh wkh olihwlph exgjhw frqvwudlqw wkdw wkh qhw suhvhqw ydoxh ri
wkhlu rxwsxw dqg odqg0vhuylfh frqvxpswlrq qrw h{fhhg wkhlu fxuuhqw zhdowk zklfk lv lwvhoi
wkh vxp ri wkhlu dvvhw zhdowk dqg wkh qhw suhvhqw ydoxh ri wkhlu zdjhv1
] "
|
+f￿ +v,.s￿ +w,q￿ +v,,h3oEr3|￿ gv ￿ wrwdobzhdowk￿ +w, +;,





Vhwwlqj xs dqg vroylqj iru lqglylgxdov* rswlpdo ehkdylru/ dw dq| srlqw lq wlph wkh| zloo
ghyrwh wkh iudfwlrq ￿ ri wkhlu wrwdo zhdowk rq fxuuhqw frqvxpswlrq> ri wklv/ wkh| zloo vshqg
wkh iudfwlrq +4 ￿ ￿, rq wkh wudgdeoh rxwsxw jrrg dqg wkh uhpdlqlqj iudfwlrq ￿ rq krxvlqj
vhuylfhv1 Wkh dfwxdo txdqwlw| ri krxvlqj vhuylfhv frqvxphg ghshqgv rq lwv uhqwdo sulfh/ wkh
ydoxh ri zklfk zloo eh ghwhuplqhg hqgrjhqrxvo|1





Wkh dgglwlyh vhsdudeoh xwlolw| irup lq +9, dorqj zlwk wkh rswlpdo rxwsxw dqg krxvlqj
frqvxpswlrq ixqfwlrqv/ +<d, dqg +<e,/ doorz iru dq hdv| ghfrpsrvlwlrq ri lqglylgxdov* olih0
wlph xwlolw| lqwr d ixqfwlrq/ i+￿,/ zkrvh dujxphqwv duh h{rjhqrxv wr orfdolw| l/ dorqj zlwk
hohphqwv wkdw ghshqg vhsdudeo| rq lqglylgxdov* zhdowk/ wkh wlph sdwk ri orfdo odqg uhqwdo












X￿ +w,@i+￿>￿>u,.Xzhdowkc￿ +w,.Xsulfhc￿ +w,.Xtxdolw|c￿ +w, +43e,
9Vlqfh wkh hfrqrp|0zlgh dgglqj xs frqvwudlqw wkdw wkh vxp ri lqglylgxdov* dvvhw zhdowk
pxvw htxdo wkh djjuhjdwh fdslwdo vwrfn grhv qrw dsso| wr rxu orfdolw|/ lw ehfrphv qhfhvvdu|
wr wudfn wkh hyroxwlrq ri orfdolw|0l dvvhw zhdowk1 Dvvxplqj iru wkh prphqw qr h￿hfw rq
phdq dvvhw zhdowk iurp pljudwlrq lqwr ru rxw ri orfdolw| l/ +:,/ +<d, dqg +<e, lpso| wkdw
shu fdslwd dvvhw zhdowk hyroyhv dffruglqj wr/
g
gw
dvvhwv￿ +w,@z￿ +w,.+ u ￿ ￿,dvvhwv￿ +w, ￿ ￿ ￿ oderubzhdowk￿ +w, +44,
Lq idfw L zloo pdnh wkh nh| dvvxpswlrq wkdw dq|rqh pljudwlqj lqwr orfdolw| l kdv wkh vdph
frqwhpsrudu| dvvhw zhdowk dv wkh fxuuhqw phdq lq l zklfk lpsolhv wkdw +44, zloo krog lq
htxloleulxp14
615 Ilupv
Zlwklq orfdolw| l duh d qxpehu ri ￿upv/ hdfk zlwk dffhvv wr d frqvwdqw0uhwxuqv0wr0vfdoh
+FUV, surgxfwlrq ixqfwlrq1 Dv FUV lpsolhv dq lqghwhuplqdwh ￿up vl}h/ L zulwh lqvwhdg wkh
djjuhjdwh orfdolw| l surgxfwlrq ixqfwlrq/






D￿+w, fdswxuhv orfdoo|0dssolfdeoh wrwdo idfwru surgxfwlylw| zkloh { fdswxuhv wkh hfrqrp|0
zlgh/ h{rjhqrxv udwh ri oderu0dxjphqwlqj whfkqrorjlfdo surjuhvv1 Dv lq wkh vwdwlf prgho/
krxvlqj vhuylfhv duh h{foxghg iurp ￿upv* surgxfwlrq ixqfwlrq1 Ilupv vwloo ￿fduh￿ derxw odqg
vhuylfh sulfhv dv wkhvh d￿hfw wkh zdjh ￿upv qhhg wr sd| wr dwwudfw zrunhuv1 Rxwsxw fdq eh
uhzulwwhq lq lqwhqvlyh irup edvhg rq wkh qxpehu ri ￿h￿hfwlyh￿ oderu xqlwv dv/5
a |￿ +w,@D￿ +w, e n￿ +w,
k +46,
D ￿up*v remhfwlyh lv wr pd{lpl}h wkh qhw suhvhqw ydoxh ri lwv sur￿wv1 Dorqj wkh olqhv ri
Deho +4<;5, dqg Kd|dvkl +4<;5,/ L dvvxph dq dgmxvwphqw frvw wr lqvwdoolqj fdslwdo> khqfh
4Dvvhw zhdowk*v pdlq lpsruwdqfh lv lwv uroh lq ghwhuplqlqj orfdo odqg vhuylfh sulfhv dv vkrzq ehorz1 Jlyhq
d krprwkhwlf vshfl￿fdwlrq ri xwlolw| dv lq +9,/ lq idfw zkdw pdwwhuv iru odqg sulfhv lv phdq orfdo dvvhw zhdowk1
Doorzlqj iru lqglylgxdov zkrvh dvvhw zhdowk gl￿huv/ wkh hyroxwlrq ri phdq dvvhw zhdowk lv wkh vdph dv lq
+44,/ rqo| zlwk wkh dgglwlrq ri d whup wkdw fdswxuhv wkh gl￿huhqfh ehwzhhq fxuuhqw phdq dvvhw zhdowk dqg
wkh dvvhw zhdowk ri fxuuhqw pljudqwv1
5Lq jhqhudo/ orzhu fdvh yduldeohv duh phdqw wr frqqrwh wkh shu fdslwd qrupdol}dwlrq ri djjuhjdwh ohyhov
dqg ￿kdwwhg￿ yduldeohv/ wkh qrupdol}dwlrq e| wkh ohyho ri oderu0dxjphqwlqj whfkqrorjlfdo surjuhvv/ h
%|1







g￿E|￿ lv wkh udwh ri jurvv lqyhvwphqw
dqg ￿+￿, lv lqfuhdvlqj lq lwv dujxphqw1 Lq sduwlfxodu/ L vshfldol}h wkh dgmxvwphqw frvw dv d









g￿E|￿1 Wkh sdudphwhu egc￿
fdswxuhv wkh pdjqlwxgh ri wkh fdslwdo lqvwdoodwlrq frvw1 Ohwwlqj egc￿ jr wr }hur fdswxuhv d
zruog lq zklfk fdslwdo fdq eh frvwohvvo| lqvwdoohg dqg xqlqvwdoohg1 Ilupv idfh wkh g|qdplf
frqvwudlqw wkdw wkh fkdqjh lq wkhlu ohyho ri fdslwdo vwrfn lv mxvw wkh vxp ri wkhlu ohyho ri jurvv
lqyhvwphqw ohvv dq| fdslwdo ghsuhfldwlrq1 Orfdolw|0l ￿upv* g|qdplf rswlpl}dwlrq sureohp
fdq eh zulwwhq lq ￿fxuuhqw0ydoxh￿ ￿Mdfreldq￿ irup dv/














L￿+w,.tgc￿ +w, ￿ +L￿ +w, ￿ ￿N￿ +w,,
Wkh wzr fkrlfh yduldeohv duh wkh ￿upv* ohyho ri hpsor|phqw/ O￿+w,/ dqg wkhlu ohyho ri jurvv
lqyhvwphqw/ L￿+w,16 Wkh fr0vwdwh yduldeoh/ tgc￿+w,/ fdswxuhv wkh fxuuhqw vkdgrz ydoxh ri wkh
pdujlqdo xqlw ri lqvwdoohg fdslwdo1 Wkdw wkh surgxfwlrq ixqfwlrq/ +45,/ lv FUV dqg wkdw wkh
lqvwdoodwlrq frvw ixqfwlrq/ ￿+ ￿ ,/ ghshqgv rqo| rq wkh udwlr
U￿E|￿
g￿E|￿ wrjhwkhu lpso| wkdw wklv
￿pdujlqdo￿ t lq idfw htxdov ￿dyhudjh￿ t/ wkh udwlr ri wkh ydoxh ri wrwdo lqvwdoohg fdslwdo wr
lwv xqlqvwdoohg uhsodfhphqw frvw1 +Kd|dvkl/ 4<;5,1 Wkh vroxwlrq wr +47, lv vwdqgdug dqg vr
lv rplwwhg1
616 Odqg Sulfh Ghwhuplqdwlrq
Orfdo krxvlqj vhuylfhv duh dvvxphg wr  rz dw wkh ￿{hg djjuhjdwh udwh/ Q￿+w,1 Pruh uhdolv0
wlfdoo|/ krxvlqj vhuylfhv pljkw eh vxssrvhg wr eh surgxfhg xvlqj d orfdolw|*v ￿{hg vxsso|
ri odqg frpelqhg zlwk ydulrxv dprxqwv ri rwkhu lqwhuphgldwh lqsxwv1 Wkh lqfoxvlrq ri d
krxvlqj0vhuylfh surgxfwlrq ixqfwlrq lv d sulrulw| iru ixwxuh uhvhdufk> iru wkh prphqw wkh
mxvwl￿fdwlrq iru d ￿{hg vxsso| ri krxvlqj vhuylfhv lv wkdw lw fdswxuhv wkdw odqg0vhuylfh sur0
gxfwlrq deryh vrph wkuhvkrog ohyho lv grxewohvvo| fkdudfwhul}hg e| d yhu| kljk pdujlqdo
frvw1
Zlwk krxvlqj0vhuylfh vxsso| shupdqhqwo| ￿{hg dqg srsxodwlrq lqvwdqwdqhrxvo| ￿{hg/
phdq shu fdslwd krxvlqj0vhuylfh frqvxpswlrq/ q￿+w,/ pxvw htxdo ￿￿
u￿E|￿1 Wkh fxuuhqw uhqwdo
6Qrwh wkdw dv h{suhvvhg lq +47,/ wkhvh duh lq idfw djjuhjdwh orfdolw|0l yduldeohv1 Jlyhq wkh lqghwhuplqdf|
ri vfdoh dvvrfldwhg zlwk FUV surgxfwlrq ixqfwlrqv/ wkh glvwlqfwlrq lv lppdwhuldo1 Dovr/ jlyhq wkh dvvxpswlrq
wkdw wkh orfdo oderu pdunhw fohduv/ u￿E|￿ lv lq idfw suhghwhuplqhg> zkdw lv qrw suhghwhuplqhg lv wkh zdjh
wkdw zloo pdnh ￿upv zloolqj wr hpsor| u￿E|￿ xqlwv ri oderu1
;sulfh ri krxvlqj vhuylfhv/ s￿+w,/ lv mxvw wkh sulfh zklfk uhdol}hv wklv ohyho ri krxvlqj0vhuylfh
ghpdqg1 Xvlqj +<e, dqg wkh gh￿qlwlrq ri wrwdo zhdowk/ wkh sulfh ri krxvlqj vhuylfhv zklfk




O￿ +w, ￿ +dvvhwv￿ +w,.oderubzhdowk￿ +w,, +48,
Wkh vdohv sulfh ri krxvlqj vhuylfhv fdq wkhq eh fdofxodwhg dv wkh qhw suhvhqw ydoxh ri wkh





617 URZ Vwhdg| Vwdwh
Lq frqwudvw wr orfdolw| l / wkh uhpdlqlqj uhvw0ri0zruog hfrqrp| lv dvvxphg wr eh lq lwv orqj
uxq vwhdg| vwdwh1 Wkdw orfdolw| l lv vpdoo dqg wkh uhvw ri wkh zruog lv odujh doorzv iru vxfk
d glfkrwrp|1 Wkh urz vwhdg| vwdwh lv fkdudfwhul}hg e| vwdqgdug qhrfodvvlfdo uhvxowv iru
d forvhg hfrqrp|1 Qhw eruurzlqj dprqj urz lqglylgxdov lv }hur dqg vr phdq urz dvvhw
zhdowk pxvw h{dfwo| htxdo wkh ydoxh ri urz lqvwdoohg fdslwdo +dvvhwvoJ￿ +w,@toJ￿ noJ￿ +w,1
Wkh lqwhuhvw udwh zklfk h￿hfwv vxfk dq htxloleulxp lv jlyhq e| wkh vxp ri lqglylgxdov udwh ri
wlph suhihuhqfh dqg wkh udwh ri whfkqrorjlfdo surjuhvv +u @ ￿.{,1 Wkh htxloleulxp vkdgrz
ydoxh ri fdslwdo/ tgcoJ￿/ lv h{dfwo| wkdw zklfk lqgxfhv d udwh ri lqyhvwphqw frqvlvwhqw zlwk
d frqvwdqw ohyho ri fdslwdo shu h￿hfwlyh zrunhu1 Wklv wxuqv rxw wr eh/
tgcoJ￿ @4.{e gcoJ￿ . ￿e gcoJ￿ +49,
Wkh frqvwdqf| lq wkh vwhdg| vwdwh ri v|vwhp yduldeohv zkhq qrupdol}hg e| wkh ohyho ri
whfkqrorj| lpsolhv wkdw hdfk ri wkhvh jurzv dw wkh h{rjhqrxv udwh ri whfkqrorjlfdo surjuhvv





















618 Wkh Ghflvlrq wr Pljudwh
Lq rughu wr nhhs wkh udwh ri qhw pljudwlrq ehwzhhq l dqg urz wr d ￿qlwh ohyho +dqg dqdorjrxv wr
wkh lqvwdoodwlrq frvw dvvrfldwhg zlwk fdslwdo lqyhvwphqw,/ L dvvxph d xwlolw| frvw wr pljudwlqj
sursruwlrqdo wr wkh qhw  rzv lq erwk wkh ghsduwlqj dqg uhfhlylqj orfdolw|17 Dq x p e h ur i
7Vlplodu uhvxowv frxog eh dfklhyhg e| dvvxplqj dq dvvhw zhdowk frvw wr qhw pljudwlrq zklfk urvh dw wkh
udwh ri h{rjhqrxv whfkqrorjlfdo surjuhvv/ %1 Li wkh dvvhw zhdowk frvw wr qhw pljudwlrq urvh vorzhu wkdq wkh
udwh ri whfkqrorjlfdo surjuhvv/ oderu prelolw| zrxog lqfuhdvh zlwk wlph1
<uhdo0zruog mxvwl￿fdwlrqv fdq eh r￿huhg edvhg rq wkh krxvlqj pdunhw/ orfdo lqiudvwuxfwxuh
uhtxluhphqwv/ orfdo krvwlolw| wr odujh iruhljq lq x{hv/ gr0lw0|rxuvhoi prylqj wuxfn uhqwdo
sulfhv/ orfdo mre vhdufk/ hwf1 Ohwwlqj duurzv uhsuhvhqw wkh gluhfwlrq ri qhw pljudwlrq/ wkh





























Wkh vhfrqg vhw ri htxdolwlhv iroorzv iurp wkh odujhqhvv dvvxpswlrq derxw urz18 Lq dq htxl0
oleulxp/ wkh  rz ehwzhhq l dqg urz pxvw eh vxfk wkdw wkh pdujlqdo pljudqw eh lqgl￿huhqw
ehwzhhq pljudwlqj ru qrw1 Wklv zloo eh wkh fdvh zkhq wkh xwlolw| frvw dvvrfldwhg zlwk pljudw0
lqj h{dfwo| htxdov wkh lqfuhphqwdo olihwlph xwlolw| dvvrfldwhg zlwk olylqj lq wkh ghvwlqdwlrq
orfdwlrq1 Gh￿qlqj gX￿+w, dv wkh xwlolw| gl￿huhqwldo dvvrfldwhg zlwk olylqj lq l/
gX￿ +w, ￿ X￿ +w, ￿ XoJ￿+w,








L vwloo qhhg wr gh￿qh zkdw L phdq e| d ￿pdujlqdo pljudqw￿1 Zkloh doo djhqwv lq erwk
l dqg urz duh dvvxphg wr eh lghqwlfdo zlwk uhjdugv wr wkhlu lqkhuhqw fkdudfwhulvwlfv +wkhuh
duh qr kljk0vnloohg ru orz0vnloohg lqglylgxdov,/ zkhuh wkh| pd| gl￿hu lv zlwk uhjdugv wr
wkhlu dvvhw zhdowk> pruhryhu wklv lv d gl￿huhqfh wkdw wkh| uhwdlq vkrxog wkh| fkrrvh wr
pljudwh1 Dvvxph iru wkh prphqw gX￿+w, A 3 vr wkdw wkhuh lv d srvlwlyh xwlolw| gl￿huhqwldo
dvvrfldwhg zlwk olylqj lq l1 Wklv zloo lqgxfh d qhw pljudwlrq  rz iurp urz wr l1 Wkh
odujhqhvv dvvxpswlrq rq urz doorzv ph wr dyrlg pdnlqj dq| glvwlqfwlrq ehwzhhq pdujlqdo
dqg dyhudjh pljudqwv +l1h1 urz kdv d vx!flhqw qxpehu ri uhvlghqwv zlwk dq| jlyhq dvvhw
zhdowk ohyho wkdw doo wlph0w pljudqwv fdq eh dvvxphg wr eh lghqwlfdo,1 Wkh txhvwlrq lv/ zkdw
lv wkh ohyho ri dvvhw zhdowk ri wkrvh urz lqglylgxdov zkr fkrrvh wr pljudwhB Wklv lv dq
h{wuhpho| lpsruwdqw lvvxh wr zklfk wkhuh lv qr reylrxv dqvzhu1
Rqh srvvlelolw| lv wr dvvxph wkdw doo urz lqglylgxdov kdyh lghqwlfdo dvvhw zhdowk1 Exw
vxfk dq dvvxpswlrq lpsolhv d fhuwdlq lqwhuqdo lqfrqvlvwhqf|= lqglylgxdov zkr olyh lq l zloo
8W k h r zr x wr ir ul q w rurz lv mxvw wkh qhjdwlyh ri wkh  rz lqwr ru rxw ri l/d q guoJ￿ lv dq rughu ri
pdjqlwxgh juhdwhu wkdq u￿>d vo r q jd v
g




43lq jhqhudo qrw kdyh wkh vdph dvvhw zhdowk dv wkrvh zkr olyh lq urz vr wkdw iru doo urz
lqglylgxdov wr kdyh lghqwlfdo dvvhw zhdowk/ lw pxvw eh wkh fdvh wkdw qr rqh lq wkh sdvw kdv
hyhu pljudwhg iurp l wr urz1
Dv vrrq dv zh doorz iru khwhurjhqrxv urz dvvhw zhdowk +zkloh pdlqwdlqlqj wkh dgglqj0xs
uhtxluhphqw wkdw djjuhjdwh urz dvvhw zhdowk htxdo wkh ydoxh ri djjuhjdwh urz fdslwdo vwrfn,/
lw ehfrphv dssduhqw wkdw wkh xwlolw| jdlqv uhdol}hg e| pljudwlqj iurp urz wr l zloo eh juhdwhu
iru vrph urz lqglylgxdov wkdq iru rwkhuv1 L zloo irupdol}h wklv suhvhqwo|/ exw wkh lqwxlwlrq lv
vwudljkwiruzdug1 Vxssrvh wkdw odqg sulfhv dqg txdolw| ri olih duh lghqwlfdo lq erwk l dqg urz/
exw wkdw wkh ohyho ri zdjhv dqg oderu zhdowk duh kljkhu lq l1 Vlqfh frqvxpswlrq fkrlfhv duh
edvhg rq wrwdo zhdowk udwkhu wkdq oderu zhdowk/ lw lv wkrvh urz lqglylgxdov zlwk wkh orzhvw
dvvhw zhdowk zkr zrxog uhdol}h wkh juhdwhvw shufhqwdjh lqfuhdvh lq wkhlu wrwdo zhdowk e|
pljudwlqj wr l1 Zlwklq wkh fxuuhqw iudphzrun/ juhdwhu shufhqwdjh lqfuhdvhv lq wrwdo zhdowk
pds wr juhdwhu ohyho fkdqjhv lq olihwlph xwlolw| vr wkdw srruhu lqglylgxdov +zlwk uhjdugv wr
dvvhw zhdowk, zrxog eh zloolqj wr sd| d juhdwhu xwlolw| frvw wkdq wkhlu ulfkhu frxqwhusduwv wr
pljudwh1 Frqyhuvho|/ ulfkhu lqglylgxdov zrxog eh pruh zloolqj wr vx￿hu d ghfuhdvh lq wkhlu
oderu zhdowk li l zhuh deoh wr r￿hu d kljkhu ohyho ri txdolw| ri olih1 Iru wkh irupdol}dwlrq/








Uhwxuqlqj wr wkh txhvwlrq ri zkr pljudwhv/ d vhfrqg srvvlelolw| lv wr dvvxph wkdw lw lv
wkrvh zkr kdyh wkh prvw wr jdlq1 Ohdylqj dvlgh wkh frqvhtxhqw prgholqj lvvxh ri wkh qhhg
wr vshfli| dq h{rjhqrxv glvwulexwlrq ixqfwlrq ryhu urz dvvhw zhdowk/ pljudwlrq e| wkrvh zkr
jdlq wkh prvw zrxog lpso| dq lqyhuvh fruuhodwlrq ehwzhhq dvvhw zhdowk dqg oderu zhdowk/ d
suhglfwlrq wkdw zrxog eh gl!fxow wr uhfrqfloh zlwk wkh uhdo zruog1
Wkh srvvlelolw| L fkrrvh lqvwhdg lv wr dvvxph wkdw pljudqwv iurp urz wr l kdyh dvvhw
zhdowk htxlydohqw wr wkh frqwhpsrudu| phdq lq l1 Frqvlvwhqw zlwk Wlherxw*v +4<89, k|srwk0
hvlv wkdw pljudwlrq vruwv d khwhurjhqrxv srsxodwlrq lqwr pruh krprjhqrxv vxe0srsxodwlrqv/
pljudwlrq lq wkh suhvhqw fdvh vruwv lqglylgxdov dffruglqj wr wkhlu dvvhw zhdowk1 Vhyhudo mxv0
wl￿fdwlrqv duh srvvleoh1 Wkh prvw frpshoolqj lv suredeo| wkdw lq wkh uhdo zruog/ }rqlqj odzv
sodfh olplwv rq wkh txdqwlw| ri krxvlqj vhuylfhv wkdw lqglylgxdov fdq ex|> kdylqj wkh vdph
dvvhw zhdowk dv fxuuhqw uhvlghqwv/ lq0pljudqwv ghvluh wkh vdph txdqwlw| ri krxvlqj vhuylfhv19
9Pruh sureohpdwlf lv uhfrqflolqj vxfk d }rqlqj h{sodqdwlrq zlwk wkh prgholqj ri lq0pljudqwv dv udlvlqj
djjuhjdwh ghpdqg iru krxvlqj vhuylfhv wkhuhe| fdxvlqj fxuuhqw uhvlghqwv wr ghfuhdvh wkhlu krxvlqj0vhuylfh
44Lq dq| fdvh/ qrqh ri wkh prgho*v uhvxowv zrxog vhhp wr ghshqg rq vxfk Wlherxw zhdowk
vruwlqj/ dqg jlyhq wkh krprwkhwlf vshfl￿fdwlrq ri lqglylgxdo xwlolw|/ dq| ri wkh dowhuqdwlyh
dvvxpswlrqv rq wkh dvvhw zhdowk ri dfwxdo pljudqwv frxog eh kdqgohg lq d vwudljkwiruzdug
pdqqhu1
Wkh xwlolw| gl￿huhqwldo dvvrfldwhg zlwk olylqj lq l uhodwlyh wr urz fdq eh ghfrpsrvhg
xvlqj +43e, zkhuh hdfk ri wkh uljkw0kdqg0vlgh whupv lv gh￿qhg dqdorjrxvo| wr gX￿+w,=
gX￿ +w,@gXzhdowkc￿ +w,.gXsulfhc￿ +w,.gXtxdolw|c￿ +w, +53,




























Wkh txrwlhqw lq +54d, fdswxuhv wkh uhodwlyh zhdowk ri d srwhqwldo pljudqw ehwzhhq l dqg
urz1 Dv glvfxvvhg deryh/ pljudwlrq lpsolhv d fkdqjh rqo| lq oderu zhdowk zlwk dvvhw zhdowk
uhpdlqlqj wkh vdph1 Wkdw d srwhqwldo pljudqw kdv dvvhw zhdowk htxdo wr dvvhwv￿+w, lv mxvw
wkh dvvxpswlrq ri Wlherxw zhdowk vruwlqj1
Khqfhiruwk L zloo dvvxph wkdw wkh orfdo txdolw| ri olih lv wlph lqyduldqw1 Vxfk dq dvvxps0
wlrq reylrxvo| grhv qrw doorz iru frqjhvwlrq h￿hfwv ru iru wkh hqgrjhql}lqj ri txdolw|0ri0olih
surylvlrq wkurxjk vrph sxeolf fkrlfh phfkdqlvp1 Iru wkh prphqw/ wkhuhiruh/ txdolw| ri olih
vkrxog eh wkrxjkw ri dv h{rjhqrxvo| ghwhuplqhg ￿ h1j1/ wkh zhdwkhu/ ru sur{lplw| wr odnhv/
wkh rfhdq/ prxqwdlqv/ hwf1
619 G|qdplfv
Wkh g|qdplf v|vwhp fdq qrz eh h{suhvvhg dv d v|vwhp ri vhyhq gl￿huhqwldo htxdwlrqv
lq iO￿+w,/ e n￿+w,/ g dvvhwv￿+w,/ tgc￿+w,/ gXzhdowkc￿+w,/ gXsulfhc￿+w,/ g ydoxh￿+w,j1 Wkh ￿uvw wkuhh ri
wkhvh/ iO￿+w,/ e n￿+w,/d q g g dvvhwv￿+w,j/ ￿ duh ￿vwdwh￿ yduldeohv zklfk duh lqvwdqwdqhrxvo| ￿{hg
+l1h1 wkh| duh fdq qrw ￿mxps￿,1 Wkh uhpdlqlqj irxu/ itgc￿+w,/ gXzhdowkc￿+w,/ gXsulfhc￿+w,/
dqg g ydoxh￿+w,j/ duh ￿fr0vwdwh￿ yduldeohv zklfk fdq mxps/ exw rqo| lq uhdfwlrq wr xqh{shfwhg
v|vwhp vkrfnv1 Wkh g|qdplf v|vwhp lv pxwxdoo| uhfxuvlyh zlwk uhvshfw wr doo ri wkh yduldeohv
frqvxpswlrq +exw qrw h{shqglwxuh,1
45zlwk wkh h{fhswlrq ri g ydoxh￿+w,> qrqh ri wkh uhpdlqlqj v|vwhp yduldeohv ghshqgv rq wkh
hyroxwlrq ri g ydoxh￿+w, dqg vr lw frxog eh gursshg iurp wkh v|vwhp zlwkrxw ixuwkhu orvv
ri lqirupdwlrq> L uhwdlq g ydoxh￿+w, ehfdxvh lw pdsv wr d nh| orfdo revhuydeoh1 Wkh dfwxdo
h{suhvvlrqv iru wkh gl￿huhqwldo htxdwlrqv duh ghihuuhg xqwlo Dsshqgl{ F1
Dq| uhpdlqlqj hqgrjhqrxv yduldeohv fdq eh fdofxodwhg iurp wkh frqwhpsrudu| ydoxhv
ri wkhvh vhyhq v|vwhp yduldeohv dorqj zlwk wkh ydulrxv h{rjhqrxv sdudphwhuv1
61: Orfdo Vwhdg| Vwdwh dqg Frpsdudwlyh Vwdwlfv
Wkh orfdo vwhdg| vwdwh fdq eh ghulyhg e| vhwwlqj hdfk ri wkh vhyhq v|vwhp gl￿huhqwldo htxd0
wlrqv mxvw glvfxvvhg/ +F14d, ￿ +F14j,/ htxdo wr }hur dqg vroylqj iru wkh vwdwh yduldeohv1 Wkh
dfwxdo h{suhvvlrqv duh djdlq ghihuuhg xqwlo Dsshqgl{ F1 Wkh vwhdg|0vwdwh ydoxhv ri wzr ri
wkhvh/ ie n￿+w,/ tgc￿+w,j/ duh ghwhuplqdwh lq wkdw wkh| fdq eh h{suhvvhg dv d ixqfwlrq ri h{rjh0
qrxv sdudphwhuv dorqh1 Wkh uhpdlqlqj ￿yh v|vwhp yduldeohv/ iO￿+w,/ g dvvhwv￿+w,/ gXzhdowkc￿+w,/
gXsulfhc￿+w,/d q g g ydoxh￿+w,j/ froohfwlyho| kdyh rqh ghjuhh ri iuhhgrp lq wkh vhqvh wkdw lq dggl0
wlrq wr wkh h{rjhqrxv sdudphwhuv/ wkh vwhdg| vwdwh ydoxh ri rqh ri wkhvh qhhgv wr eh nqrzq
wr ghwhuplqh wkh vwhdg| vwdwh ydoxhv ri wkh rwkhu irxu1
Wkh ￿h{wud￿ ghjuhh ri iuhhgrp uhvxowv iurp wkh idfw wkdw wkh ryhudoo v|vwhp lv vxemhfw
wr klvwru| ghshqghqfh1 Wkh lqwxlwlrq rq krz wklv dulvhv lv vwudljkwiruzdug1 Frqvlghu wzr
orfdolwlhv/ l dqg m/ lghqwlfdo lq doo h{rjhqrxv sdudphwhuv/ exw kdylqj d gl￿huhqw klvwru| ri orfdo
ghyhorsphqw1 Lq sduwlfxodu/ dw vrph srlqw lq wkh glvwdqw sdvw +vd| dw w @3 , l h{shulhqfhg d
￿kholfrswhu gurs￿ ri lqvwdoohg sk|vlfdo fdslwdo1 +Qhyhu plqg krz fdslwdo frxog eh lqvwdoohg
iurp d kholfrswhu/ ru lqghhg zkhwkhu kholfrswhuv hyhq h{lvwhg dw w @3 1, Dw wklv vdph
srlqw lq wkh glvwdqw sdvw/ m h{shulhqfhg dq ￿duwloohu| gurs￿ zklfk ghvwur|hg d odujh sruwlrq
ri lwv lqvwdoohg fdslwdo edvh1 +Wkdqnixoo|/ qr rqh zdv lqmxuhg1, Iurp +F15e,/ lw iroorzv
wkdw wkh vwhdg|0vwdwh ohyhov ri oderu lqfrph zloo eh lghqwlfdo ehwzhhq wkh wzr orfdolwlhv1
Exw gxulqj wkh wudqvlwlrqv wr wkhlu uhvshfwlyh vwhdg| vwdwhv/ l*v uhvlghqwv kdyh kljk fxuuhqw
uhodwlyh wr shupdqhqw lqfrph zkhuhdv m*v uhvlghqwv kdyh orz fxuuhqw uhodwlyh wr shupdqhqw
lqfrph1 Frqvxpswlrq vprrwklqj ohdgv l*v uhvlghqwv wr dffxpxodwh exw m*v uhvlghqwv wr
ghfxpxodwh dvvhw zhdowk gxulqj wkh wudqvlwlrq wr wkh vwhdg| vwdwh1 Lw lpphgldwho| iroorzv
wkdw lq wkhvh vwhdg| vwdwhv/ l*v uhvlghqwv kdyh d kljkhu dvvhw zhdowk wkdq m*v uhvlghqwv1 Lq wkh
suhvhqw vfhqdulr/ lw wxuqv rxw wkdw wkh vwhdg|0vwdwh sulfh ri krxvlqj vhuylfhv zloo eh lghqwlfdo
ehwzhhq wkh wzr orfdolwlhv1 +Li wkh vwhdg|0vwdwh odqg vhuylfh sulfh gl￿huhg/ wkhuh zrxog eh
46dq lqfhqwlyh wr pljudwh ehwzhhq wkh wzr1, Wkh kljkhu dvvhw zhdowk ri l*v uhvlghqwv/ krzhyhu/
phdqv wkdw wkh| zloo eh sxufkdvlqj d kljkhu vwhdg|0vwdwh txdqwlw| ri krxvlqj vhuylfhv1 Zlwk
htxdo djjuhjdwh hqgrzphqwv ri odqg/ wklv fdq rqo| eh li wkh srsxodwlrq ri l lv vpdoohu wkdq
wkdw ri m1
Wkh looxvwudwlyh vwru| deryh vkrxog eulqj krph wkh srlqw wkdw wkh rqh ghjuhh ri iuhhgrp
zlwk uhvshfw wr wkh v|vwhp yduldeohv lq qr zd| lpsolhv wkdw wkhuh lv dq| srvvlelolw| ri ￿fkrlfh￿
ryhu orfdolw| vwhdg| vwdwhv +rwkhu wkdq dowhulqj wkh h{rjhqrxv sdudphwhuv,1 Rq wkh frqwudu|
wkh v|vwhp lv ixoo| ghwhuplqhg> lw lv mxvw wkdw wklv ghwhuplqdwlrq lv edvhg erwk rq wkh ￿vwdwlf￿
h{rjhqrxv sdudphwhuv dv zhoo dv wkh qdwxuh ri wkh htxloleulxp wudqvlwlrq wr wkh vwhdg| vwdwh1
Frpsdudwlyh vwhdg| vwdwh ￿vwdwlfv￿ fdq qrz eh fdofxodwhg iru ydulrxv orfdo revhuydeohv1
Wdeoh 4 frqwdlqv d vxppdu|1 Erwk vwhdg|0vwdwh srsxodwlrq dqg odqg ydoxh duh lqfuhdvlqj
zlwk uhvshfw wr orfdo surgxfwlylw| dqg orfdo txdolw| ri olih dqg ghfuhdvlqj zlwk uhvshfw
wr wkh orfdo fdslwdo lqvwdoodwlrq frvw1 Rxwsxw0ghqrplqdwhg zdjhv dqg fdslwdo lqwhqvlw| duh
lqfuhdvlqj zlwk uhvshfw wr surgxfwlylw|/ qhxwudo zlwk uhvshfw wr txdolw| ri olih/ dqg ghfuhdvlqj
zlwk uhvshfw wr wkh orfdo fdslwdo lqvwdoodwlrq frvw1 Qrwh wkdw wkh frpsdudwlyh vwdwlfv iru wkh
klvwru|0ghshqghqw revhuydeohv/ srsxodwlrq dqg odqg ydoxh/ dvvxph d frqvwdqw vwhdg|0vwdwh
ohyho ri orfdo dvvhw zhdowk1 Zkhq wrwdo idfwru surgxfwlylw| lv htxdo dfurvv orfdolwlhv dv lq
wkh kholfrswhu yhuvxv duwloohu| gurs h{dpsoh deryh/ lqfuhdvhv lq vwhdg|0vwdwh dvvhw zhdowk
duh dvvrfldwhg zlwk kljkhu odqg ydoxhv dqg orzhu srsxodwlrq1 Pruh jhqhudoo|/ dq lqfuhdvh
lq orfdo vwhdg|0vwdwh dvvhw zhdowk lv dvvrfldwhg zlwk dq lqfuhdvh lq erwk odqg ydoxhv dqg
srsxodwlrq zkhq orfdo surgxfwlylw| lv orz uhodwlyh wr urz dqg d ghfuhdvh lq erwk odqg ydoxhv
dqg srsxodwlrq zkhq orfdo surgxfwlylw| lv kljk uhodwlyh wr urz1 Dsshqgl{ F lqfoxghv d pruh
ghwdlohg glvfxvvlrq1
Wkdw wkh vwhdg| vwdwh ri wkh suhvhqw v|vwhp lv fkdudfwhul}hg e| wkh frqvwdqf| ri hdfk
ri wkh v|vwhp yduldeohv lv e| qr phdqv dxwrpdwlf1 Udwkhu/ gh￿qlqj wkh vwhdg| vwdwh ri d
v|vwhp dv wkh frqvwdqf| ri wkh wlph ghulydwlyhv ri lwv frpsrqhqw yduldeohv/ wkhq d voljkw
uhod{lqj ri wkh g|qdplf prgho*v dvvxpswlrqv zrxog ohdg wr d vwhdg| vwdwh lq zklfk wkhuh
zdv pljudwlrq1 Wkh lqwxlwlrq lv djdlq vwudljkwiruzdug1 Zlwk srvlwlyh whfkqrorjlfdo surjuhvv
+{A3,/ frqvxpswlrq lv ulvlqj dqg khqfh wkh pdujlqdo xwlolw| ri frqvxpswlrq lv idoolqj
zlwk wlph1 Rqh lpsolfdwlrq lv wkdw lqglylgxdov vkrxog eh lqfuhdvlqjo| zloolqj wr wudgh
r￿ orzhu oderu zhdowk iru d kljkhu ohyho ri txdolw| ri olih wkhuhe| lqgxflqj d vwhdg|0vwdwh
srsxodwlrq  rz iurp kljk WIS orfdolwlhv wr kljk txdolw|0ri0olih orfdolwlhv1 Khuhlq wklv grhv
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qrw rffxu erwk ehfdxvh krxvlqj vhuylfhv duh dvvxphg wr  rz dw d ￿{hg udwh dqg ehfdxvh wkh
hodvwlflw| ri lqwhuwhpsrudo vxevwlwxwlrq lv wkh vdph iru krxvlqj vhuylfhv dqg orfdo txdolw| ri
olih> dv d uhvxow/ wkh vwhdg|0vwdwh sulfh ri krxvlqj vhuylfhv ulvhv dw h{dfwo| wkh uljkw udwh wr
r￿vhw wkh lqfuhdvlqj pdujlqdo xwlolw| ri orfdo txdolw|0ri0olih frqvxpswlrq uhodwlyh wr rxwsxw
frqvxpswlrq1 Wkh xwlolw| ydoxh ri orfdo txdolw| ri olih lv wkxv ixoo| fdslwdol}hg lqwr vwhdg|0
vwdwh odqg0vhuylfh sulfhv1 Vxssrvh/ krzhyhu/ wkdw wkh txdqwlw| vxssolhg ri krxvlqj vhuylfhv
uhvsrqghg wr fkdqjhv lq wkh sulfh ri krxvlqj vhuylfhv ru wkdw wkh hodvwlflw| ri lqwhuwhpsrudo
vxevwlwxwlrq zhuh juhdwhu iru odqg0vhuylfhv wkdq iru txdolw| ri olih1 Lq hlwkhu fdvh wkh vwhdg|0
vwdwh udwh ri odqg0vhuylfh sulfh lqfuhdvhv zrxog eh lqvx!flhqw wr r￿vhw lqfuhdvlqj ghpdqg iru
orfdo txdolw|0ri0olih frqvxpswlrq1 Udwkhu/ d vwhdg|0vwdwh xwlolw| judglhqw zrxog h{lvw ehwzhhq
orz dqg kljk txdolw|0ri0olih orfdohv dv zrxog vwhdg|0vwdwh pljudwlrq iurp wkh iruphu wr wkh
odwwhu1 Qrwh wkdw L dp suhvxplqj wkh h{lvwhqfh ri d vwhdg| vwdwh/ d uhvxow zklfk dzdlwv wkh
h{whqvlrq ri wkh prgho wr h{solflwo| lqfoxgh vxfk dowhuqdwlyh dvvxpswlrqv1
7 Idfwru Prelolw| dqg Lqfrph Frqyhujhqfh
Zkdw lv wkh h￿hfw ri idfwru prelolw| rq lqfrph frqyhujhqfhB Qxphulfdo vroxwlrqv wr wkh
orfdo jurzwk v|vwhp ghwdlohg deryh ulfko| fkdudfwhul}h wkh wlph sdwkv ri lqfrph dqg rwkhu
orfdo revhuydeohv iroorzlqj d qhjdwlyh vkrfn wr d orfdolw|*v fdslwdo vwrfn1 Wkh vshhg dw
zklfk lqfrph frqyhujhv edfn wrzdugv lwv vwhdg|0vwdwh ohyho wxuqv rxw wr ghshqg prvwo|
rq wkh ghjuhh ri fdslwdo prelolw| +l1h1 wkh fdslwdo lqvwdoodwlrq iulfwlrq, dqg lv uhodwlyho|
lqvhqvlwlyh wr wkh ghjuhh ri oderu prelolw|1 Wklv txdolwdwlyh uhvxow lv urexvw dfurvv d zlgh
udqjh ri fdoleudwlrqv1
48D ￿qhjdwlyh fdslwdo vkrfn￿ lv phdqw wr frqqrwh dq| vhw ri flufxpvwdqfhv zklfk ohdyhv
d orfdolw| zlwk d orz lqvwdoohg fdslwdo edvh uhodwlyh wr dq xqfkdqjhg vwhdg|0vwdwh ohyho1
Olwhudoo| lqwhusuhwhg/ qhjdwlyh fdslwdo vkrfnv pljkw fruuhvsrqg wr qdwxudo dqg pdq0pdgh
glvdvwhuv1 Pruh phwdskrulfdoo|/ qhjdwlyh fdslwdo vkrfnv pljkw fruuhvsrqg wr fkdqjhv lq
whfkqrorj| ru wkh whupv ri wudgh zklfk glvsursruwlrqdwho| d￿hfw wkh lqvwdoohg fdslwdo edvh ri
vrph orfdolwlhv uhodwlyh wr rwkhuv exw zklfk gr qrw ixqgdphqwdoo| dowhu uhodwlyh surgxfwlylw|
ru txdolw| ri olih= iru lqvwdqfh/ fkdqjhv lq pdqxidfwxulqj whfkqltxhv lq vwhho surgxfwlrq rq
fhuwdlq duhdv lq wkh Plgzhvw Xqlwhg Vwdwhv1 Vlploduo|/ wkh h￿hfw ri frppxqlvw jryhuqphqw
rq wkh hdvwhuq vwdwhv ri Jhupdq| iurp 4<78 wr 4<;< pljkw fruuhvsrqg wr dq h{whqghg
qhjdwlyh fdslwdo vkrfn1
Qhjdwlyh fdslwdo vkrfnv duh qrw phdqw wr frqqrwh dv|qfkurqrxv exvlqhvv f|fohv1 Zkloh
wkh g|qdplfv iroorzlqj d qhjdwlyh fdslwdo vkrfn duh vxjjhvwlyh/ wkh h￿hfw ri idfwru prelolw|
rq dv|qfkurqrxv f|folfdo  xfwxdwlrqv dzdlwv wkh h{whqvlrq ri wkh suhvhqw prgho wr h{solflwo|
lqfoxgh xqhpsor|phqw1
714 Uhsuhvhqwdwlyh Wlph Sdwk
Iljxuh 4 vnhwfkhv wkh wlph sdwkv ri srsxodwlrq/ zdjhv/ dqg odqg sulfhv iroorzlqj d vkrfn wr
d orfdolw|*v fdslwdo vwrfn wkdw ohdyhv lwv lqlwldo zdjh dw 93 shufhqw ri lwv vwhdg|0vwdwh ohyho1
Lpphgldwho| iroorzlqj wkh vkrfn +dw wlph 3,/ srsxodwlrq ehjlqv wr udslgo|  rz rxw ri wkh
orfdolw| +Sdqho D,1 Wkh ghfuhdvh lq orfdo zdjhv fdxvhv erwk wkh vdohv dqg uhqwdo sulfh ri
odqg wr glvfuhwo| mxps grzqzdug dw wkh wlph ri wkh fdslwdo vkrfn> iroorzlqj wkh vkrfn wkh
uhqwdo sulfh ri odqg frqwlqxhv wr idoo gulyhq e| wkh rxw rz ri srsxodwlrq +Sdqho F,1 Qrw
vkrzq lv wkh odujh lq rz ri jurvv fdslwdo vwrfn wkdw wkh qhjdwlyh fdslwdo vkrfn lqgxfhv +gxh
wr dq lqfuhdvh lq wkh wkh pdujlqdo uhyhqxh surgxfw ri fdslwdo dqg khqfh lwv vkdgrz ydoxh,1
Wkh srsxodwlrq rxw rz dqg wkh fdslwdo lq rz erwk whqg wr fdxvh wkh pdujlqdo surgxfw ri
oderu dqg khqfh zdjhv wr lqfuhdvh> kljkhu zdjhv dorqj zlwk orzhu odqg sulfhv hyhqwxdoo|
uhyhuvh wkh srsxodwlrq rxw rz1 Dv srsxodwlrq  rzv edfn lqwr wkh orfdolw|/ jurvv fdslwdo
irupdwlrq uhpdlqv vx!flhqwo| srvlwlyh wr doorz zdjhv wr frqwlqxh wr frqyhujh edfn wrzdugv
wkhlu vwhdg|0vwdwh ohyho1 Wkh vdohv dqg uhqwdo sulfh ri krxvlqj vhuylfhv dovr judgxdoo| uhwxuq
wr wkhlu vwhdg|0vwdwh ohyho1
Dv odlg rxw lq wkh wkhru| vhfwlrq deryh/ wkh orfdo jurzwk v|vwhp lv fkdudfwhul}hg e|
klvwru| ghshqghqfh1 Iroorzlqj d qhjdwlyh fdslwdo vkrfn/ frqvxpswlrq vprrwklqj fdxvhv
49lqglylgxdov wr ghfxpxodwh dvvhwv> dorqj zlwk wkh dvvxpswlrq ri Wlherxw zhdowk vruwlqj/ wklv
ghfxpxodwlrq lpsolhv wkdw orfdolw| shu fdslwd dvvhw zhdowk zloo idoo lq wxuq orzhulqj shu fdslwd
ghpdqg iru krxvlqj vhuylfhv1 Vwhdg|0vwdwh htxloleulxp lq wkh odqg pdunhw wkhuhiruh uhtxluhv
d kljkhu srsxodwlrq lq wkh orfdolw| wkdq zdv suhvhqw sulru wr wkh lqfrph vkrfn1 Lq wkh
fdoleudwlrq vkrzq lq Iljxuh 4/ lpphgldwho| iroorzlqj d qhjdwlyh fdslwdo vkrfn/ srsxodwlrq
 rzv rxw ri d orfdolw| dw d 618 shufhqw dqqxdo udwh1 Iurp dq lqlwldo ohyho ri h{dfwo| 4/
srsxodwlrq uhdfkhv d qdglu ri 31;8; diwhu 45 |hduv1 Srsxodwlrq uhwxuqv wr lwv lqlwldo ohyho
dssur{lpdwho| 87 |hduv diwhu wkh lqlwldo vkrfn dqg frqwlqxhv wr ulvh hyhqwxdoo| uhdfklqj d
ohyho ri 4138; lq lwv qhz vwhdg| vwdwh1 Qrw vkrzq lv wkh ghfxpxodwlrq ri dvvhw zhdowk zklfk
lq wkh qhz vwhdg| vwdwh lv 3177: ri lwv suh0vkrfn ohyho +qrupdol}hg iru wkh ohyho ri oderu0
dxjphqwlqj whfkqrorj|,> wkh udwh ri dvvhw ghfxpxodwlrq lv gluhfwo| sursruwlrqdo wr wkh jds
ehwzhhq fxuuhqw dqg shupdqhqw lqfrph vr wkdw lw lv prvw udslg lpphgldwho| iroorzlqj wkh
qhjdwlyh fdslwdo vkrfn1
Wkh udwh dw zklfk zdjhv frqyhujh wr wkhlu suh0vkrfn ohyho lv vrphzkdw udslg1 Lpph0
gldwho| iroorzlqj wkh vkrfn/ wkh srsxodwlrq rxw rz frpelqhg zlwk wkh jurvv fdslwdo lq rz
frpelqh wr fdxvh zdjhv wr jurz dw dq ;16 shufhqw dqqxdo udwh1: Lq ohvv wkdq 9 |hduv wkh| kdyh
uhwxuqhg wr ;3 shufhqw ri wkhlu vwhdg|0vwdwh ohyho> lq mxvw ryhu 45 |hduv wkh| kdyh uhwxuqhg wr
<3 shufhqw ri wkhlu vwhdg|0vwdwh ohyho> dqg lq dssur{lpdwho| 73 |hduv wkh| kdyh uhwxuqhg wr
<< shufhqw ri wkhlu vwhdg|0vwdwh ohyho1 Qrwh wkdw dw wklv 730|hdu ehqfkpdun/ srsxodwlrq dqg
odqg sulfhv uhpdlq vxevwdqwldoo| ehorz wkhlu suh0vkrfn ohyhov +zklfk iru srsxodwlrq dssolhv
d iruwlrul wr lwv ohyho uhodwlyh wr lwv qhz vwhdg| vwdwh,1
Dq dowhuqdwlyh zd| ri phdvxulqj wkh udwh dw zklfk zdjhv uhwxuq wr wkhlu vwhdg| vwdwh
lv wr irupdoo| gh￿qh d ￿vshhg ri frqyhujhqfh￿ dv/
￿+orj|+w, ￿ orjzW, ￿
￿ g
g| +orjz+w, ￿ orjzW,
orjz+w, ￿ orjzW
Wkdw lv/ ￿ lv wkh udwh dw zklfk zdjhv forvh wkh orj jds wr wkhlu vwhdg| vwdwh1 E| wklv phwulf/
wkh vshhg ri frqyhujhqfh vwhdglo| idoov iurp ￿@3 =496 zkhq zdjhv duh dw 93 shufhqw ri
wkhlu vwhdg|0vwdwh ohyho wr ￿@3 =3<: zkhq zdjhv duh dw <8 shufhqw ri wkhlu vwhdg|0vwdwh
ohyho1 Dv wkh uhodwlyh zdjh ohyho dssurdfkhv wkh vwhdg| vwdwh/ wkh udwh dw zklfk wkh vshhg
ri frqyhujhqfh lv idoolqj r￿ lqfuhdvhv1 Dw wkh dfwxdo vwhdg| vwdwh lwvhoi +e| zklfk L phdq
zlwklq dq ￿ qhljkerukrrg ri lw,/ wkh vshhg ri frqyhujhqfh kdv idoohq wr mxvw ￿@3 =3731
:Qrwh wkdw khuh dqg ehorz/ zdjhv duh phdvxuhg uhodwlyh wr wkhlu urz ohyho zklfk lpsolflwo| qrupdol}hv
wkhp e| wkh ohyho ri oderu dxjphqwlqj whfkqrorj|1
4:Zkloh d ghfuhdvlqj vshhg ri frqyhujhqfh frpprqo| fkdudfwhul}hv qhrfodvvlfdo jurzwk
v|vwhpv/ lq jhqhudo wkh udwh dw zklfk wkh vshhg idoov r￿ lv ghfuhdvlqj dv lqfrph dssurdfkhv d
vwhdg| vwdwh +l1h1 wkh vshhg kdv d qhjdwlyh ￿uvw exw srvlwlyh vhfrqg ghulydwlyh,1 Lq wkh suhvhqw
fdvh/ d qhjdwlyh vhfrqg ghulydwlyh ri frqyhujhqfh vshhg dv lqfrph lqfuhdvhv lpsolhv wkdw wkh
vshhg ri frqyhujhqfh fdq ydu| frqvlghudeo| hyhq lq d qhljerukrrg txlwh forvh wr wkh vwhdg|
vwdwh1 Iru fdoleudwlrqv zlwk orzhu oderu prelolw| wkdq lq Iljxuh 4/ wkh vshhg ri frqyhujhqfh
gursv iurp udwhv qhdu ￿@3 =3< zkhq zdjhv duh dw << shufhqw ri wkhlu vwhdg|0vwdwh ohyho
wr ohvv wkdq ￿@3 =34 dw wkh vwhdg| vwdwh1 Lqghhg/ phdvxulqj wkh vshhg ri frqyhujhqfh
rqo| dw wkh vwhdg| vwdwh/ wkh orfdo jurzwk v|vwhp dsshduv wr dfklhyh d fdoleudwlrq wkdw kdv
suryhg hoxvlyh iru wkh qhrfodvvlfdo jurzwk prgho= d qduurz fdslwdo vkduh dorqj zlwk d orz
vwhdg|0vwdwh vkdgrz ydoxh ri fdslwdo dqg d vorz vshhg ri frqyhujhqfh> exw h{dplqlqj wkh
vshhg ri lqfrph frqyhujhqfh dw lqfrph ohyhov pruh wkdq qhjoljdeo| ehorz wkh vwhdg| vwdwh/
wkh vorz vshhg ri frqyhujhqfh glvdsshduv1
Jlyhq wkh zd| lw ydulhv/ ￿ grhv qrw suryh d yhu| xvhixo phdvxuh ri frqyhujhqfh vshhg1
Lqvwhdg L zloo xvh zdjh ohyhov dw ydulrxv ehqfkpdun wlphv dqg wkh wlph wr uhdfk ydulrxv
ehqfkpdun zdjh ohyhov dv p| pdlq frpsdulvrq phwulfv iru wkh vshhg ri lqfrph frqyhujhqfh1
715 Edvh Fdoleudwlrq
Wkh uhsuhvhqwdwlyh wlph sdwk vnhwfkhg lq Iljxuh 4 lv edvhg rq d vlqjoh fdoleudwlrq ri d prgho
lpelelqj d odujh qxpehu ri h{rjhqrxv sdudphwhuv1 Lq h{sorulqj wkh txdolwdwlyh urexvwqhvv
ri wkh wlph sdwkv zlwk uhvshfw wr yduldwlrqv lq wkh ohyhov ri wkhvh h{rjhqrxv sdudphwhuv/ d
qdwxudo vwduwlqj srlqw lv wr wu| wr fkrrvh ￿edvh￿ sdudphwhu ydoxhv wkdw doorz wkh prgho wr
dssur{lpdwho| pdwfk uhdo zruog revhuydeohv1
Lq jhqhudo L kdyh xvhg sdudphwhu ydoxhv zklfk duh wkh vdph dv lq Eduur dqg Vdod0l0
Pduwlq +4<<8,1 Dv hqxphudwhg rq wkh uljkw kdqg vlgh ri Iljxuh 4/ wkhvh lqfoxgh wkh fdslwdo
ghsuhfldwlrq udwh/ ￿ @3 =38/ wkh udwh ri wlph suhihuhqfh/ ￿ @3 =35/ dqg wkh udwh ri h{rjhqrxv
whfkqrorjlfdo surjuhvv/ { @3 =351 Eduur dqg Vdod0l0Pduwlq lqfoxgh wzr sdudphwhul}dwlrqv ri
wkh fdslwdo vkduh/ ￿1 D ￿uvw qduurz fdslwdo vkduh sdudphwhul}dwlrq/ ￿ @3 =63/ fruuhvsrqgv wr
d olwhudo lqwhusuhwdwlrq ri sk|vlfdo fdslwdo dqg dssur{lpdwho| pdwfkhv wkh vkduh ri qdwlrqdo
lqfrph dffrxqwhg iru e| uhqwdo lqfrph/ sur￿wv/ dqg lqwhuhvw sd|phqwv1 Wkh pdlq sureohp
zlwk d qduurz fdslwdo vkduh sdudphwhul}dwlrq lv wkdw wkh vshhg ri frqyhujhqfh/ dv gh￿qhg
e| ￿ deryh/ whqgv erwk wr eh ￿wrr kljk￿ dqg wr ghfolqh udslgo| dv lqfrph dssurdfkhv
4;lwv vwhdg|0vwdwh ohyho1 D sduwldo vroxwlrq wr erwk sureohpv frphv iurp dvvxplqj d eurdg
fdslwdo vkduh/ iru lqvwdqfh ￿ @3 =:8/ fruuhvsrqglqj wr d pruh phwdskrulfdo lqwhusuhwdwlrq
ri fdslwdo wr lqfoxgh kxpdq fdslwdo1 Wkh vroxwlrq lv rqo| ￿sduwldo￿/ ￿uvw ehfdxvh d eurdg
frqfhsw ri fdslwdo lpsolhv lqyhvwphqw udwhv vrphzkdw kljkhu wkdq zh dfwxdoo| revhuyh dqg/
vhfrqg/ ehfdxvh d ghfuhdvlqj vshhg ri frqyhujhqfh uhpdlqv lq wkh rshq0hfrqrp| yhuvlrq ri
wkh qhrfodvvlfdo prgho +Nlqj dqg Uhehoor/ 4<<6> Udssdsruw/ 4<<;,1
Iru wkh sxusrvhv ri orfdo jurzwk wkhru|/ d eurdg fdslwdo vkduh lv hvshfldoo| sureohpdwlf1
Wr wkh h{whqw wkdw eurdg fdslwdo lv lqwhusuhwhg dv kxpdq fdslwdo/ wkh dssursuldwh iulfwlrq
zrxog eh wkh oderu udwkhu wkdq wkh fdslwdo iulfwlrq= wkdw lv wkdw d txdolwdwlyho| lpsruwdqw
gl￿huhqfh ehwzhhq sk|vlfdo dqg kxpdq fdslwdo lv wkh prelolw| ri wkh odwwhu1 Hyhq vr/ lw lv
srvvleoh wr dujxh iru d eurdghu vkduh ri ￿{hg fdslwdo lq rxwsxw surgxfwlrq wkdq lv lpsolhg
e| wkh qdwlrqdo lqfrph dffrxqwv1 Rqh srvvlelolw| lv wkdw d idfwru0lqfrph ghulyhg fdslwdo
vkduh idlov wr dffrxqw iru wd{0￿qdqfhg sxeolf0vhfwru fdslwdo +wr wkh h{whqw wkdw lw zdv ghew0
￿qdqfhg/ wkh dvvrfldwhg lqwhuhvw sd|phqwv zrxog frqwulexwh wr wkh lpsolhg fdslwdo vkduh,1
Dqrwkhu srvvlelolw| lv wkdw kxpdq fdslwdo lv lq sduw orfdolw|0vshfl￿f vr wkdw lwv dgmxvwphqw
pd| eh pruh dssursuldwho| prghohg e| wkh fdslwdo udwkhu wkdq wkh oderu iulfwlrq1 Lq wkh
dowhuqdwlyh fdoleudwlrq vhfwlrq ehorz/ L zloo frqvlghu wkh fdvh ri d prghudwho| eurdg fdslwdo
vkduh/ ￿ @3 =931
Xqltxh wr wkh orfdo jurzwk prgho lv d sdudphwhu fdswxulqj wkh vkduh ri frqvxpswlrq
h{shqglwxuh ghyrwhg wr krxvlqj vhuylfhv1 D 53 shufhqw krxvlqj vkduh/ ￿ @3 =53/ urxjko|
pdwfkhv wkh fruuhsrqglqj ￿jxuh iurp wkh X1V1 qdwlrqdo lqfrph dffrxqwv1 Dv krxvlqj vhu0
ylfhv sur{lhv pruh jhqhudoo| iru orfdo qrqwudgdeoh jrrgv +dqg wr wkh h{whqw wkdw orfdo odqg
sulfhv pd| frqwulexwh wr wkh ￿qdo sulfh idflqj frqvxphuv iru orfdoo| vrog wudgdeoh jrrgv,/
wklv krxvlqj vkduh lv suredeo| frqvhuydwlyh1 Wkh pdlq h￿hfw ri udlvlqj wkh krxvlqj vkduh
sdudphwhu lv wr gdpshq wkh uhvsrqvh wr wkh fdslwdo vkrfn1 Frqvlghu wkh olplw dv wkh krxvlqj
vkduh dssurdfkhv 4= lq wklv fdvh wkhuh lv qr uhvsrqvh wr wkh qhjdwlyh fdslwdo vkrfn1 Zkloh
lqglylgxdov* rxwsxw ghqrplqdwhg zdjh idoov/ wkhlu uhdo zdjh dv gh dwhg e| wkh sulfh ri krxv0
lqj vhuylfhv uhpdlqv xqfkdqjhg +l1h1 wkh uhqwdo sulfh ri krxvlqj vhuylfhv idoov wr h{dfwo| wkh
ohyho zklfk doorzv lqglylgxdov wr frqwlqxh wr frqvxph wkh vdph dprxqw ri krxvlqj vhuylfhv,>
dv lqglylgxdov ghulyh qr xwlolw| iurp rxwsxw frqvxpswlrq/ wkhlu xwlolw| uhpdlqv xqfkdqjhg
dqg khqfh wkhuh lv qr lqfhqwlyh iru rxwpljudwlrq1
D vhfrqg sdudphwhu xqltxh wr wkh orfdo jurzwk prgho lv wkh uhodwlyh xwlolw| lqglylgxdov
4<ghulyh iurp orfdo txdolw| ri olih1 Iru wkh qxphulfdo vroxwlrqv lqyroylqj fdslwdo vkrfnv/ txdolw|
ri olih lv dvvxphg wr eh htxdo dfurvv orfdolwlhv dqg vr wkh fkrlfh ri ￿ grhv qrw pdwwhu1
Jlyhq wkh prwlydwlqj txhvwlrq/ krz grhv idfwru prelolw| d￿hfw lqfrph frqyhujhqfh/
wkh sdudphwhuv zklfk duh lqkhuhqwo| ri wkh prvw lqwhuhvw duh wkrvh wkdw jryhuq wkh fdslwdo
lqvwdoodwlrq dqg qhw pljudwlrq iulfwlrqv ￿ egc￿/ egcoJ￿/d q geuc￿1 Dv d vwduwlqj srlqw/ L pds
wkhvh iulfwlrq sdudphwhuv wr pruh lqwxlwlyh phdvxuhv ri prelolw|1 Lq sduwlfxodu/ iru jlyhq
udwhv ri ghsuhfldwlrq dqg h{rjhqrxv whfkqrorjlfdo surjuhvv/ wkh fdslwdo iulfwlrqv pds rqh0wr0
rqh wr wkh vwhdg|0vwdwh vkdgrz ydoxhv ri fdslwdo tW
gc￿ dqg tW
gcoJ￿1 Khqfhiruwk L zloo dvvxph
wkdw wklv vkdgrz ydoxh lv htxdo dfurvv orfdolwlhv> wkh fdvh zkhuh wkh vwhdg|0vwdwh vkdgrz
ydoxh ri fdslwdo ydulhv dfurvv orfdolwlhv lv txdolwdwlyho| vlplodu wr wkh fdvh ri yduldwlrqv lq
surgxfwlylw| dfurvv orfdolwlhv h{soruhg ehorz1 Vlploduo|/ iru d jlyhq udwh ri wlph suhihuhqfh/
￿/ wkh oderu iulfwlrq pdsv rqh0wr0rqh wr wr wkh uhodwlyh zhdowk qhfhvvdu| wr lqgxfh d 3134
udwh ri qhw pljudwlrq/ $1+ V r$ @ h{s+3=34 ￿ ￿ ￿ euc￿,1,
Iurp Eodqfkdug/ Ukhh/ dqg Vxpphuv +4<<6,/ zh eholhyh wkdw wkh vkdgrz ydoxh ri
fdslwdo whqgv wr uhpdlq uhodwlyho| forvh wr rqh1 Krzhyhu orz vwhdg|0vwdwh vkdgrz ydoxhv ri
fdslwdo qhdu rqh whqg wr eh dvvrfldwhg zlwk lpsodxvleo| kljk udwhv ri lqfrph frqyhujhqfh1
Iru lqvwdqfh/ lq wkh forvhg hfrqrp| dqdorj wr wkh orfdo jurzwk prgho +l1h1 zlwk qr oderu
prelolw| dqg zlwk orfdo vdylqjv ￿qdqflqj orfdo lqyhvwphqw,/ d vwhdg|0vwdwh vkdgrz ydoxh ri
fdslwdo tW
g @4 =47 lpsolhv d vwhdg|0vwdwh vshhg ri lqfrph frqyhujhqfh ￿@3 =3<41L q w k h
rshq0hfrqrp| yhuvlrq ri wkh prgho +l1h1 zlwk qr oderu prelolw| exw zlwk wkh delolw| wr
eruurz dqg ohqg dw dq h{rjhqrxv lqwhuhvw udwh,/ lw lpsolhv d vwhdg|0vwdwh vshhg ri lqfrph
frqyhujhqfh ￿@3 =4:81 Zkloh wkh forvhg0hfrqrp| frqyhujhqfh udwh lv frqvlvwhqw zlwk vrph
uhfhqw sdqho0gdwd hvwlpdwhv +Lvodp/ 4<<8/ Fdvhool/ OhIruw/ dqg Hvtxlydo/ 4<<8,/ wkh rshq0
hfrqrp| frqyhujhqfh udwh lv qrw1 Pruhryhu erwk wkh rshq0hfrqrp| dqg forvhg0hfrqrp|
frqyhujhqfh udwhv ulvh zlwk glvwdqfh iurp wkh vwhdg| vwdwh +l1h1 wkh vshhg ri frqyhujhqfh lv
idoolqj lqwr wkh vwhdg| vwdwh dv glvfxvvhg deryh,1 Wr doorz iru vorzhu lqfrph frqyhujhqfh/
L fkrrvh iru d edvh fdoleudwlrq/ d kljkhu vwhdg|0vwdwh vkdgrz ydoxh ri fdslwdo/ tW
g @4 =891
Hyhq vr/ wkh vshhg ri frqyhujhqfh dv phdvxuhg dw wkh vwhdg| vwdwh uhpdlqv vrphzkdw kljk
+￿@3 =39: dqg ￿@3 =3<6 iru wkh forvhg0 dqg rshq0hfrqrp| yhuvlrqv ri wkh qhrfodvvlfdo
prgho/ uhvshfwlyho|,1 Khqfh wkh dowhuqdwlyh fdoleudwlrqv vhfwlrq ehorz dovr frqvlghuv wkh
fdvh ri d frqvlghudeo| kljkhu vwhdg|0vwdwh vkdgrz ydoxh ri fdslwdo/ tW
g @6 =57 +zklfk lpsolhv
53forvhg0 dqg rshq0hfrqrp| vwhdg|0vwdwh vshhgv ri frqyhujhqfh ￿@3 =37; dqg ￿@3 =38<,1;
Iru wkh oderu prelolw| sdudphwhu/ qr jrrg hpslulfdo hvwlpdwhv h{lvw wr xvh dv d ehqfk0
pdun1 Wr eh vxuh/ qxphurxv uhvhdufkhuv kdyh orrnhg dw wkh hpslulfdo uhodwlrqvkls ehwzhhq
zdjh ohyhov dqg srsxodwlrq  rzv1 Eduur dqg Vdod0l0Pduwlq +4<<4,/ iru lqvwdqfh/ ￿qg d prg0
hudwh srvlwlyh uhodwlrqvkls ehwzhhq lqlwldo zdjh ohyhov dqg vxevhtxhqw srsxodwlrq jurzwk>
exw Eodqfkdug dqg Ndw} +4<<8, dqg Udssdsruw +4<<<, ￿qg qr frqvlvwhqw uhodwlrqvkls eh0
wzhhq zdjh ohyhov dqg srsxodwlrq  rzv1 Wkh idloxuh wr ￿qg vxfk d uhodwlrqvkls vkrxog qrw eh
vxusulvlqj jlyhq wkdw orfdo jurzwk wkhru| vxjjhvwv wkh uhodwlyh uhdo zhdowk ohyhov udwkhu wkdq
uhodwlyh zdjhv duh zkdw vkrxog gulyh srsxodwlrq  rzv/ dqg hyhq wkhq/ rqo| diwhu frqwuroolqj
iru orfdolw|0vshfl￿f txdolw| ri olih1 Wkdw lv/ orfdo jurzwk wkhru| vxjjhvwv d gdwd jhqhudwlqj
surfhvv ri wkh irup/
qhwbpljudwlrq￿c| @ ￿ orj+uhdobwrwdobzhdowk￿c|,.[￿c|￿ . %￿c| +55,
zkhuh [￿c| fdswxuhv orfdolw|0vshfl￿f dwwulexwhv wkdw frqwulexwh wr txdolw| ri olih/ dqg uhdo
wrwdo zhdowk lv d ixqfwlrq ri wkh ixwxuh wlph sdwkv ri rxwsxw0ghqrplqdwhg zdjhv dqg odqg









Rxwsxw0ghqrplqdwhg zdjhv h{djjhudwh gl￿huhqfhv lq uhodwlyh uhdo zhdowk lq dw ohdvw
wkuhh gl￿huhqw zd|v1 Iluvw lv wkdw lqglylgxdov* frqvxpswlrq exqgohv lqfoxgh orfdo qrqwudg0
deohv +h1j1 krxvlqj vhuylfhv, zkrvh sulfh ohyho vkrxog eh sursruwlrqdo wr orfdo zdjhv1 Vhfrqg
lv wkh frqyhujhqfh ryhu wlph ri zdjh ohyhov dv grfxphqwhg lq Eduur dqg Vdod0l0Pduwlq +4<<4,1
Wklug lv wkdw uhodwlyh uhdo zhdowk lqfoxghv qrw mxvw oderu zhdowk exw dovr dvvhw zhdowk1 Wkh
qhhg wr frqwuro iru orfdolw|0vshfl￿f txdolw| ri olih iroorzv ehfdxvh gl￿huhqfhv lq uhodwlyh uhdo
zhdowk pd| uhsuhvhqw qrwklqj pruh wkdq frpshqvdwlrq iru gl￿huhqfhv lq txdolw| ri olih1 Frq0
wurov iru gl￿huhqfhv lq orfdo surgxfwlylw| duh qrw lqfoxghg dv surgxfwlylw| d￿hfwv srsxodwlrq
 rzv rqo| yld uhdo zhdowk gl￿huhqfhv> lqfoxglqj vxfk surgxfwlylw| frqwurov zrxog wkhuhiruh
vhhp wr eldv wkh frh!flhqw rq uhdo wrwdo zhdowk wrzdugv }hur1 Ri frxuvh lq sudfwlfh/ pdq| ri
wkh orfdo dwwulexwhv zklfk d￿hfw orfdo txdolw| ri olih/ [￿c|/ zloo dovr d￿hfw orfdo surgxfwlylw|1
;Wkh vshhgv ri frqyhujhqfh mxvw olvwhg duh edvhg rq d qduurz fdslwdo vkduh/ k ’f ￿￿f/ dqg wkh uhpdlqlqj
sdudphwhu ydoxhv hqxphudwhg lq Iljxuh 4 dorqj zlwk d xqlwdu| hodvwlflw| ri lqwhuwhpsrudo vxevwlwxwlrq zklfk
pdwfkhv wkh lpsolflw dvvxpswlrq lq wkh orfdo jurzwk prgho1
54Lq wkh devhqfh ri jrrg hvwlpdwhv ri wkh frh!flhqw ￿ iurp wkh gdwd jhqhudwlqj surfhvv/
+55,/ deryh/ L dp irufhg wr uho| odujho| rq lqwurvshfwlrq lq fdoleudwlqj oderu prelolw|1 Dv
d edvh fdoleudwlrq/ L vhw wkh ohyho ri oderu prelolw| vxfk wkdw $ @4 =34= wkdw lv/ wkdw d 4
shufhqw uhdo zhdowk gl￿huhqwldo lv vx!flhqw wr lqgxfh d 4 shufhqw udwh ri qhw pljudwlrq1 Vxfk
d fdoleudwlrq zrxog eh lpsolhg e| dq hvwlpdwh ri ￿ forvh wr 41 Xvlqj rxwsxw0ghqrplqdwhg
zdjh udwkhu wkdq uhdo zhdowk/ dqg zlwk rqo| d vsduvh vhw ri frqwurov/ [￿c|/ Eduur dqg Vdod0l0
Pduwlq hvwlpdwh d yhuvlrq ri +55, iru hdfk ghfdgh/ 4;93 wkurxjk 4<<31 Wkhlu kljkhvw hvwlpdwh
ri ￿ lv 31376< zklfk fruuhvsrqgv wr $ @4 =581 Iru doo wkh uhdvrqv mxvw glvfxvvhg/ vxfk dq
hvwlpdwh lv olnho| wr juhdwo| xqghuvwdwh wkh ghjuhh ri oderu prelolw|1 Lq wkh vxevhfwlrq zklfk
iroorzv/ L h{soruh wkh h￿hfwv ri ydu|lqj $ wr fdswxuh ohyhov ri oderu prelolw| erwk pxfk
kljkhu dqg pxfk orzhu wkdq wkh edvh fdoleudwlrq1
716 Dowhuqdwlyh Fdoleudwlrqv= Wkh Dhfw ri Idfwru Prelolw| rq Lqfrph
Frqyhujhqfh
Ilqdoo|/ wkhq/ wr gluhfwo| dgguhvv wkh txhvwlrq/ krz grhv idfwru prelolw| d￿hfw lqfrph frq0
yhujhqfhB Iljxuh 5 vkrzv wkh wlph sdwkv ri srsxodwlrq/ jurvv fdslwdo/ zdjhv/ dqg odqg
sulfhv iroorzlqj d qhjdwlyh fdslwdo vkrfn xqghu dowhuqdwlyh ￿kljk￿ dqg ￿orz￿ oderu prelolw|
fdoleudwlrqv1 Lq wkh kljk oderu prelolw| uhjlph/ $ @4 =33458/ mxvw d 42; shufhqw gl￿huhqfh
lq uhdo zhdowk zloo lqgxfh d 4 shufhqw udwh ri qhw pljudwlrq> xqghu wkh orz oderu0prelolw|
uhjlph/ $ @4 =3;/ dq ; shufhqw gl￿huhqfh lv qhhghg wr gr wkh vdph1 Lq whupv ri wkh oderu
iulfwlrq sdudphwhu/ euc￿/ wkh kljk uhjlph kdv 97 wlphv wkh prelolw| ri wkh orz uhjlph1 Doo
rwkhu sdudphwhuv duh wkh vdph dv lq Iljxuh 41
Xqvxusulvlqjo|/ wkh udwh ri srsxodwlrq rxw rz lpphgldwho| iroorzlqj wkh fdslwdo vkrfn
lv pxfk juhdwhu xqghu wkh kljk oderu prelolw| uhjlph wkdq xqghu wkh orz rqh zlwk lqlwldo
udwhv ri rxwpljudwlrq ri 481< shufhqw yhuvxv mxvw 319 shufhqw/ uhvshfwlyho| +Iljxuh 5 Sdqho
D,1 Zlwk kljk oderu prelolw|/ srsxodwlrq hyhqwxdoo| gursv wr d plqlpxp 9; shufhqw ri lwv
lqlwldo ohyho : |hduv diwhu wkh vkrfn ehiruh ehjlqqlqj wr  rz edfn1 Zlwk orz oderu prelolw|/
wkh srsxodwlrq rxw rz frqwlqxhv iru d orqjhu shulrg exw lv pxfk vkdoorzhu> d plqlpxp
srsxodwlrq <: shufhqw ri lwv lqlwldo ohyho lv uhdfkhg 49 |hduv diwhu wkh vkrfn1 Zlwk kljk oderu
prelolw|/ wkh uhwxuq srsxodwlrq  rz lv dovr pxfk pruh udslg dqg e| |hdu 79/ srsxodwlrq
xqghu wkh kljk uhjlph frphv wr h{fhhg wkdw xqghu wkh orz uhjlph1 Exw juhdwhu dvvhw
ghffxpxodwlrq xqghu wkh orz prelolw| uhjlph lpsolhv wkdw lq wkh ￿qdo vwhdg| vwdwh/ lw zloo
55kdyh wkh kljkhu srsxodwlrq1 +Wklv vhfrqg lqwhuvhfwlrq ri wkh srsxodwlrq orfl lv qrw vkrzq
dv lw wdnhv sodfh pruh wkdq 433 |hduv diwhu wkh lqlwldo vkrfn1,
Lq whupv ri wkh vshhg dw zklfk lqfrph frqyhujhv edfn wr lwv orqj uxq vwhdg| vwdwh/ wkh
kljk lqlwldo rxw rz ri oderu lq wkh kljk prelolw| uhjlph txlfno| orzhuv orfdo oderu vxsso| dqg
gulyhv xs wkh pdujlqdo uhyhqxh surgxfw ri oderu1 Dw wkh vdph wlph/ krzhyhu/ wkh odujh oderu
rxw rz gulyhv grzq wkh pdujlqdo uhyhqxh surgxfw ri fdslwdo dqg wkxv vhuyhv dv d glvlqfhqwlyh
wr jurvv fdslwdo irupdwlrq1 Dv d uhvxow/ jurvv fdslwdo irupdwlrq lv orzhu xqghu kljk oderu
prelolw| wkdq lw lv xqghu orz oderu prelolw|> lpphgldwho| iroorzlqj wkh qhjdwlyh fdslwdo
vkrfn/ wkh udwhv ri jurvv fdslwdo irupdwlrq duh 5317 shufhqw dqg 581< shufhqw/ uhvshfwlyho|
+Iljxuh 5 Sdqho E,1 Phdvxuhg uhodwlyh wr lwv lqlwldo ohyho/ 43 |hduv diwhu wkh qhjdwlyh fdslwdo
vkrfn/ h{whqvlyh fdslwdo vwrfn lv 43 shufhqwdjh srlqwv orzhu zlwk kljk oderu prelolw| wkdq
zlwk orz oderu prelolw| +l1h1 wkh yhuwlfdo jds ehwzhhq wkh orfl,> diwhu 53 |hduv wkh gl￿huhqfh
lv 45 shufhqwdjh srlqwv1 Iurp d srvw0vkrfn ohyho 4; shufhqw ri lwv suh0vkrfn ohyho/ lw wdnhv 48
|hduv iru h{whqvlyh fdslwdo wr uhdfk ;3 shufhqw ri lwv suh0vkrfn ohyho zlwk kljk oderu prelolw|
exw mxvw 43 |hduv wr gr vr zlwk orz oderu prelolw|1
Wkh lqyhuvh fruuhodwlrq ri oderu dqg fdslwdo  rzv iroorzlqj fdslwdo vkrfnv lpsolhv d
vxevwlwxwdelolw| ehwzhhq oderu dqg fdslwdo prelolw|1 Iru d jlyhq ohyho ri fdslwdo prelolw|/
ghfuhdvhv lq oderu prelolw| dqg khqfh srsxodwlrq  rzv duh dvvrfldwhg zlwk lqfuhdvhv lq jurvv
fdslwdo irupdwlrq +Wdeoh 5 froxpq 7 prylqj grzq dfurvv urzv zlwklq d jlyhq sdqho,> iru d
jlyhq ohyho ri oderu prelolw|/ ghfuhdvhv lq fdslwdo prelolw| dqg khqfh jurvv fdslwdo irupdwlrq
duh dvvrfldwhg zlwk lqfuhdvhv lq srsxodwlrq  rzv +Wdeoh 5 froxpq 6 prylqj grzq dfurvv
sdqhov iru d jlyhq urz,1
Ri pruh lqkhuhqw lqwhuhvw wkdq h{whqvlyh fdslwdo lv wkh frqyhujhqfh ri zdjhv iurp wkhlu
suh0vkrfn orz edfn wr wkhlu vwhdg| vwdwh1 Wkh kljkhu lqlwldo rxw rz ri srsxodwlrq zlwk kljk
oderu prelolw| frqwulexwhv wr d srvlwlyh h￿hfw ri oderu prelolw| rq lqfrph frqyhujhqfh> wkh
kljkhu jurzwk udwh ri h{whqvlyh fdslwdo zlwk orz oderu prelolw| frqwulexwhv wr d qhjdwlyh
h￿hfw ri oderu prelolw| rq lqfrph frqyhujhqfh1 Iljxuh 5 Sdqho F vkrzv wkh frpelqhg h￿hfw1
Lpphgldwho| iroorzlqj wkh fdslwdo vkrfn/ zdjhv jurz idvwhu zlwk kljk oderu prelolw| wkdq
zlwk orz> wkh lqlwldo jurzwk udwhv duh 3143< yhuvxv 313;3/ uhvshfwlyho|1 Diwhu 43 |hduv/ zdjhv
kdyh uhwxuqhg wr ;<1< shufhqw ri wkhlu suh0vkrfn ohyho zlwk kljk oderu prelolw| yhuvxv ;918
shufhqw ri wkhlu suh0vkrfn ohyho zlwk orz oderu prelolw| +wkh yhuwlfdo jds ehwzhhq orfl,1 Iru
zdjhv wr uhdfk <3 shufhqw ri wkhlu suh0vkrfn ohyho wdnhv 4314 |hduv zlwk kljk oderu prelolw|
56yhuvxv 4613 |hduv zlwk orz oderu prelolw| +wkh krul}rqwdo jds ehwzhhq orfl,1 Wdeoh 5 Sdqho
E vxppdul}hv vshhg ri frqyhujhqfh phdvxuhv iru dowhuqdwlyh ohyhov ri oderu prelolw| xqghu
wkh edvh fdoleudwlrq fdslwdo vkduh ri surgxfwlrq/ ￿ @3 =63/ dqg vkdgrz ydoxh ri fdslwdo/
tW
g @4 =891 Wkh uhpdlqlqj sdqhov vkrz wkh h￿hfw ri ydu|lqj oderu prelolw| rq wkh vshhg
ri lqfrph frqyhujhqfh xqghu dowhuqdwlyh fdoleudwlrqv ri wkh vkdgrz ydoxh ri fdslwdo dqg
fdslwdo vkduh ri surgxfwlrq1 Qrwh wkdw zlwklq d sdqho/ hdfk urz uhsuhvhqwv d grxeolqj
ri wkh oderu prelolw| iulfwlrq uhodwlyh wr wkh urz deryh> wkh ￿qdo urz vkrzv wkh vshhg
ri frqyhujhqfh phdvxuhg lq d fruuhvsrqglqj qhrfodvvlfdo/ rshq0hfrqrp| prgho lq zklfk
srsxodwlrq lv dvvxphg ￿{hg1
Zkdw lv vxusulvlqj lv wkh h{whqw wr zklfk wkh wlph sdwkv ri zdjhv xqghu kljk yhuvxv orz
prelolw| uhpdlq txlwh forvh wr hdfk rwkhu1 Vr iru wkh edvh fdoleudwlrq lq Wdeoh 5 Sdqho E/
prylqj iurp wkh kljkhvw urz/ zkhuh mxvw d 4249 shufhqwdjh srlqw zhdowk gl￿huhqfh lqgxfhv d
4 shufhqw udwh ri qhw pljudwlrq/ wr wkh qh{w0wr0odvw urz/ zkhuh d 65 shufhqwdjh srlqw zhdowk
gl￿huhqfh lv qhhghg wr gr wkh vdph/ wkh uhodwlyh zdjh 43 |hduv diwhu wkh qhjdwlyh fdslwdo
vkrfn gursv iurp 31<36 wr 31;96> wkh wlph xqwlo zdjhv uhdwwdlq <3 shufhqw ri wkhlu vwhdg|0
vwdwh ohyho lqfuhdvhv iurp <19 |hduv wr 4615 |hduv1 Vxfk fkdqjhv zrxog vhhp txdolwdwlyho|
vpdoo zkhq frpsduhg zlwk wkh pruh wkdq rqh0wkrxvdqg0irog lqfuhdvh lq wkh oderu prelolw|
iulfwlrq1 Prylqj wr wkh odvw urz lq zklfk oderu prelolw| lv frpsohwho| devhqw fdxvhv yluwxdoo|
qr ixuwkhu fkdqjh lq wkh vshhg ri lqfrph frqyhujhqfh phdvxuhv1
Phdvxuhg wr d srlqw forvhu wr wkh vwhdg| vwdwh/ wkh vshhg ri lqfrph frqyhujhqfh dfwxdoo|
vorzv zlwk lqfuhdvlqj oderu prelolw|1 Iru lqvwdqfh/ xqghu wkh edvh fdslwdo prelolw| dqg
fdslwdo vkduh fdoleudwlrq/ wzhqw| |hduv diwhu wkh fdslwdo vkrfn uhodwlyh zdjhv duh 31<88 zlwk
wkh ￿edvh￿ oderu prelolw| exw rqo| 31<86 zlwk ￿kljk￿ oderu prelolw|1 Vlploduo|/ wkh wlph lw
wdnhv iru zdjhv wr uhdwwdlq << shufhqw ri wkhlu vwhdg|0vwdwh ohyho frqwlqxdoo| idoov iurp 7:17
|hduv xqghu wkh ￿kljk￿ oderu prelolw| fdoleudwlrq wr 731: |hduv xqghu wkh ￿edvh￿ fdoleudwlrq
wr 6:16 |hduv xqghu wkh ￿orz￿ oderu prelolw| fdoleudwlrq1 +Wdeoh 5 Sdqho E/ Froxpqv 44
dqg 48,
Iljxuh 6 Sdqho D sorwv wkh uhodwlyh zdjh 43 |hduv diwhu wkh qhjdwlyh vkrfn djdlqvw
ghfuhdvlqj ohyhov ri oderu prelolw|1 Wkh krul}rqwdo d{lv lv ghqrplqdwhg vxfk wkdw hdfk
krul}rqwdo xqlw fruuhvsrqgv wr d grxeolqj ri wkh oderu prelolw| iulfwlrq1 Wkh wkuhh orfl
fruuhvsrqg wr ￿kljk￿/ ￿edvh￿/ dqg ￿orz￿ ohyhov ri fdslwdo prelolw| zlwk vwhdg|0vwdwh vkdgrz
ydoxhv ri fdslwdo htxdo wr 4147/ 4189/ dqg 6157 uhvshfwlyho| +fruuhvsrqglqj wr Wdeoh 5/ Sdqhov
57D wkurxjk F,1 Wkdw wkh orfl duh qhjdwlyho| vorshg fdswxuhv wkdw wkh vshhg ri frqyhujhqfh
dv phdvxuhg e| uhodwlyh zdjhv 43 |hduv diwhu wkh vkrfn lv lqghhg lqfuhdvlqj zlwk oderu
prelolw|1 Wkdw wkh orfl duh uhodwlyho|  dw fdswxuhv wkdw wkh h￿hfw ri oderu prelolw| rq
lqfrph frqyhujhqfh lv uhodwlyho| vpdoo1 Phdvxuhg wr srlqwv forvhu wr wkh vwhdg| vwdwh +iru
lqvwdqfh/ w @ 73,/ wkh orfl duh dfwxdoo| srvlwlyho| vorshg1 Iljxuh 6 Sdqho F pluuruv Sdqho
E e| phdvxulqj wkh vshhg ri frqyhujhqfh e| wkh wlph lw wdnhv iru zdjhv wr uhdwwdlq <3
shufhqw ri wkhlu vwhdg|0vwdwh ohyho1 Khuh/ wkdw wkh orfl duh srvlwlyho| vorshg fdswxuhv wkh
lqfuhdvh lq frqyhujhqfh vshhg zlwk oderu prelolw|> wkdw wkh| duh uhodwlyho|  dw fdswxuhv wkh
uhodwlyh lqvhqvlwlylw| ri lqfrph frqyhujhqfh wr oderu prelolw|1 Phdvxuhg wr srlqwv forvhu wr
wkh vwhdg| vwdwh +iru lqvwdqfh/ d uhodwlyh zdjh << shufhqw ri lwv vwhdg|0vwdwh ohyho,/ wkh orfl
duh qhjdwlyho| vorshg1
Lq frqwudvw wr oderu prelolw|/ wkh ghjuhh ri fdslwdo prelolw| h{huwv d srzhuixo lq xhqfh
rq wkh vshhg ri lqfrph frqyhujhqfh1 Iljxuh 6 Sdqho E sorwv wkh uhodwlyh zdjh 43 |hduv
diwhu wkh qhjdwlyh fdslwdo vkrfn djdlqvw ghfuhdvlqj ohyhov ri fdslwdo prelolw|1 Wkh krul}rqwdo
d{lv lv vfdohg vxfk wkdw hdfk krul}rqwdo xqlw fruuhvsrqgv wr d grxeolqj ri wkh lqvwdoodwlrq
frvw iulfwlrq1 +Doo sdqhov ri Iljxuh 6 duh vfdohg wr eh ylvxdoo| frpsdudeoh1, H{fhsw dw yhu|
kljk ohyhov ri fdslwdo prelolw|/ wkh zdjh ohyho lv vwhhso| ghfuhdvlqj dv wkh fdslwdo lqvwdoodwlrq
frvw lqfuhdvhv1 Iru wkh edvh ohyho ri oderu prelolw| +$ @4 =34,/ d grxeolqj ri wkh fdslwdo
lqvwdoodwlrq frvw vxfk wkdw wkh vwhdg|0vwdwh vkdgrz ydoxh ri fdslwdo lqfuhdvhv iurp tW
g @4 =47
wr tW
g @4 =5; lv dvvrfldwhg zlwk d ghfuhdvh lq wkh 430|hdu uhodwlyh zdjh ohyho iurp 31<79 wr 31
<441 Iljxuh 6 Sdqho G pluuruv Sdqho E e| sorwwlqj wkh wlph lw wdnhv iru zdjhv wr uhdwwdlq <3
shufhqw ri wkhlu vwhdg|0vwdwh ohyho1 Iru wkh edvh ohyho ri oderu prelolw|/ wkh vdph grxeolqj ri
wkh fdslwdo lqvwdoodwlrq frvw fdxvhv wkh wlph wr gr vr wr lqfuhdvh iurp 91; wr <15 |hduv1 Dqg
xqolnh wkh fdvh ri lqfuhdvhv lq oderu prelolw|/ lqfuhdvhv lq fdslwdo prelolw| dozd|v frqwulexwh
wr d idvwhu vshhg ri frqyhujhqfh/ uhjdugohvv ri zkhuh wklv lv phdvxuhg1
Dq dowhuqdwlyh looxvwudwlrq ri wkh uhodwlrqvkls ehwzhhq lqfrph frqyhujhqfh dqg idfwru
prelolw| lv fdswxuhg e| wkh frqwudvw lq wkh yhuwlfdo jdsv ehwzhhq orfl lq Iljxuh 6 Sdqhov
D yhuvxv E1 Lq Sdqho D/ hdfk orfxv uhsuhvhqwv d txdguxsolqj ri wkh fdslwdo iulfwlrq uhodwlyh
wr wkh orfxv deryh lw> wkh yhuwlfdo jdsv uhsuhvhqw wkh gl￿huhqfh lq uhodwlyh zdjhv 43 |hduv
diwhu wkh qhjdwlyh fdslwdo vkrfn iru ydulrxv ohyhov ri oderu prelolw|1 Lq Sdqho E/ hdfk orfxv
uhsuhvhqwv dq hljkw0irog lqfuhdvh ri wkh oderu iulfwlrq uhodwlyh wr wkh orfxv deryh lw> khuh wkh
yhuwlfdo jdsv uhsuhvhqw wkh gl￿huhqfh lq uhodwlyh zdjhv whq |hduv diwhu wkh vkrfn iru ydulrxv
58ohyhov ri fdslwdo prelolw|1 Wkdw wkh yhuwlfdo jdsv duh pxfk juhdwhu lq Sdqho D wkdq lq Sdqho
E +hyhq wkrxjk wkh gl￿huhqfh lq uhodwlyh iulfwlrqv ehwzhhq dgmdfhqw orfl lv wzlfh dv jhdw lq
Sdqho E, fdswxuhv wkdw wkh vshhg ri lqfrph frqyhujhqfh lv pxfk pruh vhqvlwlyh wr yduldwlrqv
lq fdslwdo prelolw| wkdq lw lv wr yduldwlrqv lq oderu prelolw|1 Wkh vdph frqfoxvlrq iroorzv
iurp wkh frqwudvw lq wkh yhuwlfdo jdsv ehwzhhq orfl lq Iljxuh 6 Sdqhov F yhuvxv G1
Wkh lqvhqvlwlylw| ri wkh vshhg ri lqfrph frqyhujhqfh wr wkh ghjuhh ri oderu prelolw|
lv d prghudwho| urexvw txdolwdwlyh uhvxow1 Wkh orzhu wkh ohyho ri fdslwdo prelolw|/ wkh pruh
vhqvlwlyh lv wkh vshhg ri lqfrph frqyhujhqfh wr yduldwlrqv lq oderu prelolw|1 Lq Iljxuh 6
Sdqhov D dqg F/ wklv fdq eh vhhq lq wkh vwhhshu vorshv ri wkh kljk fdslwdo iulfwlrq +tW
g @6 =57,
orfl> lq Iljxuh 6 Sdqhov E dqg G/ lw fdq eh vhhq lq wkh lqfuhdvh lq yhuwlfdo jdsv ehwzhhq
dgmdfhqw orfl dv fdslwdo prelolw| ghfuhdvhv1 Lqfuhdvhv lq wkh fdslwdo vkduh ri surgxfwlrq/
￿/ dovr pdnh lqfrph frqyhujhqfh pruh vhqvlwlyh wr yduldwlrqv lq oderu prelolw|1 Zlwk d
frpelqdwlrq ri d eurdg fdslwdo vkduh/ ￿ @3 =93/ dqg d kljk fdslwdo iulfwlrq/ tW
g @6 =57/
wkh uhodwlyh zdjh 43 |hduv diwhu d qhjdwlyh fdslwdo vkrfn idoov iurp 31;88 zlwk ￿kljk￿ oderu
prelolw| wr 31:79 zlwk ￿orz￿ oderu prelolw| +Wdeoh 5 Sdqho I,1 Krzhyhu/ dv rqh ri wkh
pdlq prwlydwlrqv iru xvlqj d eurdg fdslwdo vkduh fdoleudwlrq lv wr dyrlg xvlqj d kljk fdslwdo
iulfwlrq fdoleudwlrq/ wklv odwwhu h{dpsoh pd| qrw eh uhohydqw1 Zlwk wkh frpelqdwlrq ri d
eurdg fdslwdo vkduh dqg d orz fdslwdo iulfwlrq/ tW
g @4 =47/ wkh uhodwlyh zdjh ohyho 43 |hduv
diwhu wkh vkrfn lv 31<5; zlwk ￿kljk￿ oderu prelolw| idoolqj rqo| wr 31;<3 zlwk ￿orz￿ oderu
prelolw|> 53 |hduv diwhu wkh vkrfn uhodwlyh zdjhv duh voljkwo| orzhu zlwk kljk oderu prelolw|
wkdq zlwk orz +Wdeoh 5 Sdqho G,1 <
Lq jhqhudo/ oderu prelolw| suryhv d zhdn vxevwlwxwh iru fdslwdo prelolw| exw fdslwdo
prelolw| suryhv d srzhuixo vxevwlwxwh iru oderu prelolw|1 Wkh krul}rqwdo jdsv ehwzhhq orfl
lq Iljxuh 6 Sdqhov E dqg G fdswxuh wkh lqfuhdvh lq fdslwdo prelolw| qhhghg wr r￿vhw wkh
hljkw0irog ghfuhdvh lq oderu prelolw| ehwzhhq dgmdfhqw orfl1 Prylqj iurp uljkw wr ohiw lq
Sdqho E looxvwudwhv wkdw wr pdlqwdlq wkh vdph vshhg ri lqfrph frqyhujhqfh phdvxuhg e|
uhodwlyh zdjhv 43 |hduv iroorzlqj wkh fdslwdo vkrfn uhtxluhv rqo| d yhu| vpdoo lqfuhdvh lq
fdslwdo prelolw| wr r￿vhw d ghfuhdvh lq oderu prelolw| iurp $ @4 =34 wr $ @4 =3; 1 Iru wkh
<Mxvw dv lqfrph frqyhujhqfh lv pruh vhqvlwlyh wr oderu prelolw| wkh orzhu wkh ohyho ri fdslwdo prelolw|/ vr
wrr lv lqfrph frqyhujhqfh pruh vhqvlwlyh wr fdslwdo prelolw| wkh orzhu wkh ohyho ri oderu prelolw|1 Lq Iljxuh
6 Sdqhov E dqg G/ wklv fdq eh vhhq lq wkh vwhhshu vorshv ri wkh orz oderu prelolw| + / ’￿ ￿fH , orfl> lq Iljxuh
6 Sdqhov D dqg F/ lw fdq eh vhhq lq wkh lqfuhdvh lq wkh yhuwlfdo jdsv ehwzhhq dgmdfhqw orfl dv oderu prelolw|
ghfuhdvhv1
59irxu0irog ghfuhdvh lq fdslwdo prelolw| ehwzhhq dgmdfhqw orfl lq Sdqhov D dqg F/ lq jhqhudo
wkhuh lv qr lqfuhdvh lq oderu prelolw| vx!flhqw wr pdlqwdlq d frqvwdqw vshhg ri lqfrph
frqyhujhqfh krzhyhu phdvxuhg1
Iurp d zhoiduh shuvshfwlyh/ uhvlghqwv* xwlolw| lpphgldwho| iroorzlqj d qhjdwlyh fdslwdo
vkrfn lv vwulfwo| lqfuhdvlqj lq wkh ohyho ri oderu prelolw|1 Frpsdulqj wkh kljk yhuvxv orz
oderu prelolw| uhjlphv/ kljkhu uhodwlyh zdjhv gxulqj wkh hduo| sduw ri wkh wudqvlwlrq sdwk
grplqdwh orzhu uhodwlyh zdjhv gxulqj wkh odwwhu sduw ri wkh wudqvlwlrq1 Lq dgglwlrq/ wkh
juhdwhu rxw rz ri srsxodwlrq zlwk kljk oderu prelolw| fdxvhv d juhdwhu ghfuhdvh lq wkh
sulfh ri orfdo krxvlqj vhuylfhv zklfk dovr orzhuv wkh xwlolw| orvv iurp wkh qhjdwlyh fdslwdo
vkrfn1 Ri frxuvh wr wkh h{whqw wkdw orfdo krxvlqj lv rzqhg e| orfdo uhvlghqwv +dv rssrvhg
wr wkh prgho*v dvvxpswlrq ri devhqwhh odqgorugv, kljkhu ohyhov ri oderu prelolw| zrxog eh
dvvrfldwhg zlwk juhdwhu orvvhv lq orfdo dvvhw zhdowk1 Zkhwkhu vxfk dq ￿dvvhw zhdowk￿ h￿hfw
ri oderu prelolw| lv vx!flhqw wr fdxvh zhoiduh wr ehfrph ghfuhdvlqj lq wkh ohyho ri oderu
prelolw| dzdlwv wkh h{whqvlrq ri orfdo jurzwk wkhru| wr h{solflwo| lqfrusrudwh orfdo odqg
rzqhuvkls1
8 Wkh Uhvsrqvh wr Fkdqjhv lq Surgxfwlylw| dqg Txdolw| ri
Olih
Lq dgglwlrq wr fdslwdo vkrfnv/ wkh wzr rwkhu pdlq vruwv ri vkrfnv wkdw orfdolwlhv duh olnho|
wr h{shulhqfh duh fkdqjhv lq surgxfwlylw| dqg fkdqjhv lq txdolw| ri olih1 Lq sduwlfxodu/ L
kdyh lq plqg wkdw orfdolwlhv duh fkdudfwhul}hg e| dq lqkhuhqw vhw ri fkdudfwhulvwlfv/ h1j1 wkhlu
zhdwkhu/ wkhlu orfdwlrq uhodwlyh wr wkh vhd dqg qdyljdeoh zdwhuzd|v/ wkhlu wrsrjudsk|/ hwf1
Zkloh wkh dwwulexwhv wkhpvhoyhv duh frqvwdqw dfurvv wlph/ lw vhhpv uhdvrqdeoh wr vxssrvh
wkdw wkh dwwulexwhv* frqwulexwlrqv wr surgxfwlylw| dqg txdolw| ri olih pd| ydu| zlwk wlph1
Lq wkh 4<wk0fhqwxu|/ qdyljdeoh ulyhuv vhuyhg dv d pdmru vrxufh ri frpphufldo wudqvsruwd0
wlrq zlwklq wkh frqwlqhqwdo Xqlwhg Vwdwhv> ryhu wkh frxuvh ri d 53wk0fhqwxu|/ udlozd|v dqg
odwhu wuxfnlqj kdyh doprvw frpsohwho| uhsodfhg ulyhu0eruqh frpphufh1 Dqg vr lq wkh 4<wk0
fhqwxu|/ orfdwlrq qhdu d qdyljdeoh ulyhu ehvwrzhg d frqvlghudeoh surgxfwlylw| dgydqwdjh wr
orfdo surgxfhuv ri wudgdeoh jrrgv> dw vrph srlqw gxulqj wkh 53wk0fhqwxu|/ wklv surgxfwlylw|
dgydqwdjh hurghg1 Vlploduo|/ lq wkh 4<wk0fhqwxu|/ kljk ghvhuw whpshudwxuhv pdgh wkh X1V1
Vrxwkzhvw d uhodwlyho| lqkrvslwdeoh sodfh wr olyh1 Exw wkh lqyhqwlrq ri dlu frqglwlrqlqj lq
5:wkh hduo| 53wk0fhqwxu| dqg lwv zlghvsuhdg dgrswlrq iroorzlqj Zruog Zdu LL kdyh ohg pdq|
wr frqvlghu wkh Vrxwkzhvw wr kdyh d kljk txdolw| ri olih1
Iru dq lqwhjudwhg hfrqrp| lq lwv orqj uxq vwhdg| vwdwh/ wkh vwdwlf vsdwldo htxloleulxp
rxwolqhg lq Vhfwlrq 5 doorzv iru zdjh dqg odqg sulfh gl￿huhqwldov wr eh xvhg wr lqihu wkh
frqwulexwlrqv ri ydulrxv orfdo dwwulexwhv wr surgxfwlylw| dqg txdolw| ri olih +Urvhq/ 4<:<>
Uredfn/ 4<;5> J|rxunr dqg Wudfh|/ 4<;</ 4<<4,1 Dq reylrxv txhvwlrq/ wkhq/ lv krz uhdvrq0
deoh lv dq lghqwli|lqj dvvxpswlrq wkdw lqwhjudwhg hfrqrp| lv lq lwv orqj uxq vwhdg| vwdwhB
Iru wkh Xqlwhg Vwdwhv/ lq idfw/ wkhuh lv vwurqj hylghqfh djdlqvw vxfk dq dvvxpswlrq1 Rqh
ri wkh prvw vdolhqw idfwv ri orfdo X1V1 jurzwk lv wkh shuvlvwhqfh ri srsxodwlrq  rzv1 Eodq0
fkdug dqg Ndw} +4<<5,/ Eduur dqg Vdod0l0Pduwlq +4<<4,/ dqg Eruwv +4<93, doo grfxphqw vxfk
shuvlvwhqfh iru ydulrxv srsxodwlrq phdvxuhv dqg ydulrxv wlph shulrgv iru wkh X1V1 vwdwhv1
Jodhvhu/ Vfkhlqnpdq/ dqg Vkohlihu +4<<8, grfxphqw wkh shuvlvwhqfh ri X1V1 flw| srsxod0
wlrq jurzwk ryhu wkh shulrg 4<83 wr 4<<3> dqg Udssdsruw +4<<<, vkrzv wkh vdph iru X1V1
frxqwlhv ryhu wkh shulrg 4<63 wr 4<<31 Zkloh shuvlvwhqw srsxodwlrq  rzv duh qrw sulpd
idflh hylghqfh ri ghyldwlrq iurp d orqj uxq vwhdg| vwdwh/43 vxfk ghyldwlrq lv wkh vlpsohvw
h{sodqdwlrq iru wkh shuvlvwhqw srsxodwlrq  rzv1 Juhhqzrrg hw do1 +4<<4, h{solflwo| xvh qhw
srsxodwlrq  rzv dqg orfdo zdjh ohyhov wr frqfoxgh wkdw wkh v|vwhp ri X1V1 orfdolwlhv lv dzd|
iurp lwv orqj uxq vwhdg| vwdwh1 Wkh frqyhujhqfh ri shu fdslwd lqfrph dfurvv wkh X1V1 vwdwhv
grfxphqwhg e| Eduur dqg Vdod0l0Pduwlq +4<<4, uhlqirufhv vxfk d frqfoxvlrq1
Qxphulfdo vroxwlrqv ri wkh g|qdplfv iroorzlqj orfdo surgxfwlylw| dqg txdolw|0ri0olih
vkrfnv kljkoljkw wzr nh| uhvxowv= Iluvw lv wkdw hyhq yhu| vpdoo iulfwlrqv wr oderu dqg fdslwdo
prelolw| lpso| wkdw surgxfwlylw| dqg txdolw|0ri0olih vkrfnv zloo lqgxfh srsxodwlrq  rzv
zklfk shuvlvw ryhu d orqj shulrg1 Vhfrqg lv wkdw dowkrxjk d orfdolw| pd| eh ￿idu dzd|￿
iurp lw vwhdg| vwdwh zkhq phdvxuhg e| srsxodwlrq/ zdjh ohyhov dqg odqg vdohv sulfhv pd|
qhyhuwkhohvv eh txlwh forvh wr wkhlu vwhdg|0vwdwh ohyhov1 Khqfh xvlqj yduldwlrqv lq zdjhv dqg
krxvlqj sulfhv wr pdnh lqihuhqfhv rq xqghuo|lqj surgxfwlylw| dqg txdolw| ri olih vhhpv d
uhdvrqdeoh surfhgxuh hyhq iru d v|vwhp rq dq htxloleulxp wudqvlwlrq sdwk udwkhu wkdq lq d
orqj uxq vwhdg| vwdwh1
43Iru lqvwdqfh/ wkh fdvh ri shu fdslwd lqfrph jurzwk lqgxflqj d vwhdg|0vwdwh  rz iurp kljk surgxfwlylw|
wr kljk txdolw|0ri0olih orfdolwlhv dv glvfxvvhg lq wkh wkhru| vhfwlrq deryh1
5;814 Uhsuhvhqwdwlyh Wlph Sdwkv
Iljxuhv 7 dqg 8 vkrz wkh wlph sdwkv ri orfdo revhuydeohv iroorzlqj srvlwlyh vkrfnv wr orfdo
wrwdo idfwru surgxfwlylw| dqg orfdo txdolw| ri olih1 Erwk ￿jxuhv vkduh wkh edvh fdoleudwlrq
glvfxvvhg lq wkh fdslwdo vkrfn vhfwlrq deryh= d vwhdg|0vwdwh vkdgrz ydoxh ri fdslwdo htxdo
wr 4189 dqg d prylqj frvw uhtxlulqj d rqh shufhqw uhdo zhdowk gl￿huhqwldo wr h￿hfw d rqh
shufhqw udwh ri qhw pljudwlrq dorqj zlwk d qduurz fdslwdo surgxfwlrq vkduh + tW
g @4 =89>$@
4=34>￿@3 =36,1 Uhvxowv iurp dowhuqdwlyh fdoleudwlrqv/ vxppdul}hg lq Wdeohv 6 dqg 7/ duh
glvfxvvhg lq wkh vxevhfwlrq lpphgldwho| ehorz1
Wkh srvlwlyh wrwdo idfwru surgxfwlylw| vkrfn looxvwudwhg lq Iljxuh 7 lv ri d vl}h wkdw zloo
uhvxow lq d 8 shufhqw lqfuhdvh lq vwhdg|0vwdwh zdjhv1 Ehfdxvh fdslwdo lqwhqvlw| lv lqfuhdvlqj
lq WIS/ wkh dfwxdo vl}h ri wkh srvlwlyh surgxfwlylw| vkrfn lv vpdoohu= 618 shufhqw jlyhq wkh 63
shufhqw fdslwdo vkduh ri surgxfwlrq +vhh F15e,1 Dv fdslwdo lqwhqvlw| lv lqvwdqwdqhrxvo| ￿{hg/
wkh mxps lq uhodwlyh zdjhv dffrpsdq|lqj wkh surgxfwlylw| vkrfn lv wkhuhiruh iurp h{dfwo|
4 wr 41368 +Iljxuh 7 Sdqho E,1 Dorqj wkh wudqvlwlrq sdwk/ zdjhv ulvh wkh uhpdlqlqj 418
shufhqwdjh srlqwv> wkhlu jurzwk udwh/ krzhyhu/ uhpdlqv txlwh vpdoo= iurp mxvw 3139 shufhqw
lpphgldwho| iroorzlqj wkh vkrfn dv|pswrwlqj edfn wr }hur +Iljxuh 7 Sdqho G,1 Vlploduo|/
prvw ri wkh lqfuhdvh lq krxvlqj vdohv sulfhv rffxuv frqfxuuhqw zlwk wkh lqfuhdvh lq WIS1
Wkh uhodwlyh krxvlqj vdohv sulfh mxpsv iurp h{dfwo| 4 wr 414:9 frqfxuuhqw zlwk wkh vkrfn
wkhuhdiwhu ulvlqj wr 4157; dorqj wkh wudqvlwlrq sdwk +Iljxuh 7 Sdqho F,> wkh jurzwk udwh ri
krxvlqj vdohv sulfh idoov iurp 3156 shufhqw lpphgldwho| iroorzlqj wkh vkrfn edfn wr }hur
dorqj wkh wudqvlwlrq sdwk +Iljxuh 7 Sdqho G,1
Xqolnh zdjhv dqg krxvlqj sulfhv/ srsxodwlrq fdqqrw ￿mxps￿> dv d uhvxow wkh jurzwk
udwh ri srsxodwlrq uhpdlqv pxfk kljkhu dorqj wkh wudqvlwlrq sdwk wr wkh qhz vwhdg| vwdwh1
Lpphgldwho| iroorzlqj wkh vkrfn/ srsxodwlrq  rzv lq dw d 31:6 shufhqw dqqxdo udwh gursslqj
wr 317< shufhqw diwhu 43 |hduv> 53/ 63/ dqg 73 |hduv diwhu wkh vkrfn/ wkh udwh ri qhw pljudwlrq
uhpdlqv dw 3166/ 3155 dqg 3148 shufhqw/ uhvshfwlyho|1 Wkhvh pdjqlwxghv duh uhodwlyho| odujh
iru wkh uhvsrqvh wr d rqh0wlph 618 shufhqw lqfuhdvh lq WIS frqvlghulqj wkdw wkh vwdqgdug
ghyldwlrq lq wkh dyhudjh dqqxdo udwh ri qhw pljudwlrq dfurvv X1V1 frxqwlhv ryhu wkh shulrg
4<:3 wr 4<<3 lv 417 shufhqw1
Wkh srvlwlyh txdolw|0ri0olih vkrfn looxvwudwhg lq Iljxuh 8 lv ri d vl}h vxfk wkdw lqglylgxdov
duh zloolqj wr sd| d 53 shufhqw suhplxp iru krxvlqj vhuylfhv zkloh vwloo dwwdlqlqj wkhlu
uhvhuydwlrq ohyho ri xwlolw|> wklv vl}h zdv fkrvhq wr dssur{lpdwho| pdwfk wkh lqfuhdvh lq
5<srsxodwlrq dffrpsdq|lqj wkh srvlwlyh surgxfwlylw| vkrfn vnhwfkhg lq Iljxuh 71 Qrwh wkdw
zlwk txdolw|0ri0olih fkdqjhv gh￿qhg e| wkh vl}h ri wkh suhplxp lqglylgxdov duh zloolqj wr sd|
iru krxvlqj vhuylfhv/ wkh dfwxdo fkrlfh iru wkh sdudphwhu zhljkwlqj wkh xwlolw| lqglylgxdov
ghulyh iurp txdolw| ri olih/ ￿/ lv lppdwhuldo= wkh kljkhu lv ￿ / wkh orzhu wkh lqfuhdvh lq txdolw|
ri olih qhhghg1 Wkh devroxwh vl}h ri wkh txdolw|0ri0olih vkrfn dovr ghshqgv rq wkh krxvlqj
frqvxpswlrq vkduh/ ￿> wkh kljkhu lv ￿/ wkh odujhu wkh lqfuhdvh lq txdolw| ri olih qhhghg1 Wkxv
iru d jlyhq devroxwh lqfuhdvh lq txdolw| ri olih/ wkh odujhu wkh krxvlqj vkduh ri frqvxpswlrq/
wkh vpdoohu wkh lqfuhdvh lq odqg sulfhv dqg srsxodwlrq +vhh +F15j, dqg +F15d,,1
Zkloh d 53 shufhqw lqfuhdvh lq odqg sulfhv pd| vrxqg odujh/ frqvlghu wkdw dfurvv wkh 83
odujhvw X1V1 flwlhv lq 4<<3/ wkh phgldq uhqw iru d wzr0ehgurrp dsduwphqw udqjhv iurp ’6:6
lq Fohyhodqg wr ’;:: lq Vdq Iudqflvfr1 Wr wkh h{whqw wkdw vxfk sulfh yduldwlrqv uh hfw xqghu0
o|lqj gl￿huhqfhv lq txdolw| ri olih/ dq lqfuhdvh lq txdolw| ri olih iru zklfk lqglylgxdov zrxog
eh zloolqj wr sd| d 53 shufhqw suhplxp uhsuhvhqwv dssur{lpdwho| rqh0vhyhqwk ri wkh txdolw|
ri olih gl￿huhqfh ehwzhhq Vdq Iudqflvfr dqg Fohyhodqg1 Ri frxuvh/ revhuyhg sulfh yduldwlrqv
dovr uh hfw surgxfwlylw| gl￿huhqfhv dv zhoo dv khwhurjhqhrxv zrunirufh dqg krxvlqj vwrfn
fkdudfwhulvwlfv ehwzhhq sodfhv1 Dqg vr dowhuqdwlyho|/ rqh fdq lqwurvshfw zloolqjqhvv wr sd|
iru ydulrxv txdolw|0ri0olih dwwulexwhv vxfk dv jrrg zhdwkhu/ qlfh ylhzv/ rfhdqiurqw orfdwlrq/
hwf1
Wkh lqfuhdvh lq txdolw| ri olih lqgxfhv d shuvlvwhqw lq rz ri srsxodwlrq= lpphgldwho|
iroorzlqj wkh vkrfn srsxodwlrq  rzv lqwr wkh orfdolw| dw d 31;< shufhqw udwh gursslqj wr
3185 shufhqw diwhu 43 |hduv> 53/ 63/ dqg 73 |hduv diwhu wkh vkrfn/ wkh udwh ri qhw pljudwlrq
uhpdlqv dw 3165/ 3154/ dqg 3147 shufhqw/ uhvshfwlyho| +Iljxuh 8 Sdqho G,1
Wkh srsxodwlrq lq rz gulyhv grzq zdjhv1 Lpphgldwho| iroorzlqj wkh vkrfn wkhvh gh0
fuhdvh dw d 3144 shufhqw udwh1 Zdjhv uhdfk d plqlpxp <<17 shufhqw ri wkhlu urz ohyho
dssur{lpdwho| 4616 |hduv diwhu wkh txdolw|0ri0olih vkrfn> wkhuhdiwhu wkh| judgxdoo| uhwxuq wr
wkhlu vwhdg|0vwdwh ohyho ri xqlw| +Iljxuh 8 Sdqho E,1 Qrwh wkdw gxulqj wklv odwwhu shulrg erwk
srsxodwlrq dqg zdjhv duh lqfuhdvlqj1 D vwdwlf oderu vxsso| yhuvxv oderu ghpdqg iudphzrun
vxjjhvwv dq lqihuhqfh ri dq lqfuhdvh lq oderu ghpdqg iurp vxfk d frpelqdwlrq> exw wkh
txdolw| ri olih lqfuhdvh xqghuo|lqj wkh suhvhqw g|qdplfv vhhpv pruh dnlq wr dq lqfuhdvh lq
oderu vxsso|1
Wkh srsxodwlrq lq rz dovr lqfuhdvhv ghpdqg iru krxvlqj vhuylfhv1 Zkloh wkh uhqwdo
63sulfh ri krxvlqj vhuylfhv ulvhv judgxdoo|/44 krxvlqj vdohv sulfh/ zklfk lv mxvw wkh qhw suhvhqw
ydoxh ri krxvlqj uhqwdo sulfhv/ mxpsv frqfxuuhqw zlwk wkh txdolw|0ri0olih vkrfn= iurp h{dfwo|
4 wr 414681 Dorqj wkh wudqvlwlrq sdwk/ wkh krxvlqj vdohv sulfh judgxdoo| ulvhv wkh uhpdlqghu
ri wkh zd| wr 4153 +Iljxuh 8 Sdqho F,> lwv jurzwk udwh idoov iurp 3156 shufhqw lpphgldwho|
iroorzlqj wkh vkrfn edfn wr }hur dorqj wkh wudqvlwlrq sdwk1
815 Dowhuqdwlyh Fdoleudwlrqv= Idfwru Prelolw| Iroorzlqj Surgxfwlylw| dqg
Txdolw|0ri0Olih Vkrfnv
D ￿uvw pdlq srlqw iurp wkh wlph vhulhv iroorzlqj wkh srvlwlyh surgxfwlylw| dqg txdolw|0ri0olih
vkrfnv vnhwfkhg lq Iljxuhv 7 dqg 8 lv wkh h{whqghg wlph iudph ri wkh wudqvlwlrq sdwkv1 Dv
vkrzq lq wkh edvh fdoleudwlrq oderu prelolw| urz ri Sdqho E lq Wdeohv 6 dqg 7/ wkh wlph
uhtxluhg iru srsxodwlrq wr forvh 83 shufhqw ri wkh glvwdqfh wr lwv vwhdg| vwdwh lv 4:14 dqg 4815
|hduv iru wkh surgxfwlylw| dqg txdolw|0ri0olih vkrfnv/ uhvshfwlyho|> wr forvh :8 shufhqw ri wkh
glvwdqfh wr wkh uhvshfwlyh vwhdg| vwdwhv wdnhv 6717 dqg 641; |hduv1 Lq erwk fdvhv wkh vshhg ri
frqyhujhqfh ri srsxodwlrq wrzdugv lwv vwhdg| vwdwh ￿ wkdw lv/ wkh udwh dw zklfk lw forvhv wkh
orj jds ￿ uhpdlqv uhodwlyho| frqvwdqw dorqj wkh wudqvlwlrq sdwk1 Qxphulfdo vroxwlrqv ehdu
rxw wkdw iru lghqwlfdo fdoleudwlrqv/ wkh vshhg ri frqyhujhqfh ri srsxodwlrq lv lqvhqvlwlyh wr
wkh vl}h ri wkh lqlwldo surgxfwlylw| ru txdolw|0ri0olih vkrfn1 Vr hyhq iru pxfk vpdoohu fkdqjhv
lq surgxfwlylw| dqg lq txdolw| ri olih/ shuvlvwhqw srsxodwlrq  rzv zloo uhvxow145
Wdeohv 6 dqg 7 vkrz wkdw wkh kljk shuvlvwhqfh ri srsxodwlrq  rzv iroorzlqj surgxfwlylw|
44Lq idfw/ krxvlqj uhqwdo sulfh dfwxdoo| gursv yhu| voljkwo| frqfxuuhqw zlwk wkh vkrfn1 Lwv ulvh wkhuhdiwhu
lv gxh hqwluho| wr wkh lq rz ri srsxodwlrq1 Exw iru wkh ￿{hg srsxodwlrq uhvlglqj lq wkh orfdolw| zkhq wkh
srvlwlyh txdolw|0ri0olih vkrfn rffxuv/ wkh ixwxuh lq rz ri srsxodwlrq fdxvhv oderu zhdowk wr gurs dqg khqfh
vr grhv wkhlu ghpdqg iru krxvlqj vhuylfhv1
45Wkh uhodwlyh frqvwdqf| ri wkh vshhg ri frqyhujhqfh dorqj wkh wudqvlwlrq sdwk whqgv wr krog h{fhsw iru
yhu| kljk ohyhov ri oderu prelolw|1 Zlwk kljk oderu prelolw| wkh vshhg ri frqyhujhqfh whqgv wr idoo dorqj
wkh wudqvlwlrq sdwk> iru lqvwdqfh zlwk wkh edvh ohyho fdslwdo iulfwlrq/ ^
W
g ’￿ ￿DS dqg kljk oderu prelolw|/
/ ’￿ ￿ff￿2D/ wkh vshhg ri srsxodwlrq frqyhujhqfh idoov iurp \’f ￿￿￿￿ wr \’f ￿fDD dorqj wkh txdolw|0ri0olih
wudqvlwlrq sdwk1 Wkh uhodwlyh frqvwdqf| ri wkh vshhg ri frqyhujhqfh dfurvv gl￿huhqw0vl}hg lqlwldo vkrfnv whqgv
wr krog hyhq zlwk kljk oderu prelolw|1 Qrwh wkdw wkh frqvwdqf| ri wkh vshhg ri srsxodwlrq frqyhujhqfh dorqj
wkh wudqvlwlrq sdwk vwdqgv lq vkdus frqwudvw wr wkh ehkdylru ri wkh vshhg ri lqfrph frqyhujhqfh iroorzlqj
fdslwdo vkrfnv glvfxvvhg lq wkh vhfwlrq deryh Wkh vshhg ri srsxodwlrq frqyhujhqfh iroorzlqj fdslwdo vkrfnv
ydulhv hyhq pruh wkdq grhv lqfrph frqyhujhqfh jlyhq wkdw srsxodwlrq lqlwldoo|  rzv dzd| iurp lwv vwhdg|0
vwdwh ohyho1
64dqg txdolw|0ri0olih vkrfnv lv dq h{wuhpho| urexvw txdolwdwlyh uhvxow1 Lq jhqhudo/ kljkhu ohyhov
ri hlwkhu wkh fdslwdo lqvwdoodwlrq iulfwlrq ru wkh oderu prelolw| iulfwlrq whqg wr ghfuhdvh
wkh vshhg dw zklfk srsxodwlrq frqyhujhv wrzdugv lwv vwhdg| vwdwh1 Iru d jlyhq ohyho ri
oderu prelolw|/ ghfuhdvhv lq fdslwdo prelolw| dozd|v vorz wkh udwh ri srsxodwlrq frqyhujhqfh
+prylqj grzq dfurvv sdqhov iru d jlyhq urz lq Wdeohv 6 dqg 7,> vlploduo|/ iru d jlyhq
ohyho ri fdslwdo prelolw|/ ghfuhdvhv lq oderu prelolw| dozd|v vorz wkh udwh ri srsxodwlrq
frqyhujhqfh +prylqj grzq dfurvv urzv zlwklq d jlyhq sdqho lq Wdeohv 6 dqg 7,1 Wklv
frpsohphqwdulw| ehwzhhq fdslwdo dqg oderu prelolw| iru srsxodwlrq frqyhujhqfh frqwudvwv
zlwk wkhlu vxevwlwxwdelolw| iru lqfrph frqyhujhqfh iroorzlqj fdslwdo vkrfnv glvfxvvhg lq wkh
suhylrxv vhfwlrq1
Jlyhq wklv frpsohphqwdulw|/ h{dplqlqj srsxodwlrq frqyhujhqfh zlwk yhu| orz ohyhov ri
erwk iulfwlrqv sodfhv d orzhu erxqg rq wkh shuvlvwhqfh ri srsxodwlrq  rzv= zlwk tW
g @4 =47
dqg $ @4 =3358/ wkh wlph wr forvh :8 shufhqw ri wkh lqlwldo glvwdqfh ri srsxodwlrq iurp
lwv vwhdg| vwdwh iroorzlqj wkh surgxfwlylw| dqg txdolw|0ri0olih vkrfnv lv 4916 dqg 471< |hduv
uhvshfwlyho| +Wdeohv 6 dqg 7/ Sdqho D,1 Vr hyhq zlwk h{wuhpho| kljk ohyhov ri erwk fdslwdo
dqg oderu prelolw|/ uhodwlyho| vpdoo fkdqjhv lq xqghuo|lqj wrwdo idfwru surgxfwlylw| ru txdolw|
ri olih lqgxfh txlwh shuvlvwhqw  rzv ri srsxodwlrq1
Wkdw zdjhv uhpdlq uhodwlyho| forvh wr wkhlu vwhdg| vwdwh iroorzlqj surgxfwlylw| vkrfnv lv
d prghudwho| urexvw uhvxow1 Uhjdugohvv ri wkh ohyho ri idfwru prelolw|/ zdjhv mxps frqfxuuhqw
zlwk wkh surgxfwlylw| lqfuhdvh e| h{dfwo| wkh dprxqw ri wklv lqfuhdvh1 Wkh uhpdlqlqj jds
ri zdjhv iurp wkhlu vwhdg|0vwdwh ohyho lv gxh wr wkh lqfuhdvh lq vwhdg|0vwdwh fdslwdo lqwhqvlw|
eurxjkw derxw e| wkh lqfuhdvh lq surgxfwlylw|1 Wkh shufhqwdjh ri wkh vwhdg|0vwdwh lqfuhdvh
lq uhodwlyh zdjhv zklfk dffrpsdqlhv wkh lqlwldo lqfuhdvh lq surgxfwlylw| lv ghfuhdvlqj lq
wkh fdslwdo vkduh ri surgxfwlrq= lqlwldo uhodwlyh zdjh @ ilqdo uhodwlyh zdjhE￿3k￿1 Iru wkh
qduurz fdslwdo vkduh fdoleudwlrq/ ￿ @3 =63/ 9< shufhqw ri wkh ￿qdo lqfuhdvh lq uhodwlyh zdjhv
rffxuv frqfxuuhqw zlwk wkh surgxfwlylw| vkrfn> exw iru wkh eurdg fdslwdo vkduh fdoleudwlrq/
￿ @3 =93/ rqo| 6< shufhqw ri wkh ￿qdo lqfuhdvh lq uhodwlyh zdjhv dffrpsdqlhv wkh vkrfn1
Zkloh fdslwdo dqg oderu prelolw| gr qrw d￿hfw wkh lqlwldo mxps ri zdjhv frqfxuuhqw zlwk
d surgxfwlylw| vkrfn/ wkh| gr d￿hfw wkh udwh dw zklfk zdjhv forvh wkh uhpdlqlqj jds wr wkhlu
vwhdg|0vwdwh ohyho1 Iru d jlyhq ohyho ri oderu prelolw|/ ghfuhdvhv lq fdslwdo prelolw| dozd|v
ghfuhdvh wkh udwh dw zklfk zdjhv frqyhujh wr wkhlu vwhdg|0vwdwh ohyho +Wdeoh 6/ prylqj
grzq dfurvv sdqhov iru d jlyhq urz,1 Iru d jlyhq ohyho ri fdslwdo prelolw|/ ghfuhdvhv lq
65oderu prelolw| lqfuhdvh wkh udwh dw zklfk zdjhv frqyhujh wr wkhlu vwhdg| vwdwh +Wdeoh 6/
prylqj grzq dfurvv urzv zlwklq d jlyhq sdqho,1 Wkh odwwhu uhvxow fdq eh ghfrpsrvhg lqwr
wkh vorzhu lq rzv ri srsxodwlrq dffrpsdq|lqj orz oderu prelolw| grplqdwlqj wkh vorzhu
lq rzv ri jurvv fdslwdo vwrfn wkdw vxfk vorzhu srsxodwlrq  rzv ehjhw1
Iroorzlqj txdolw|0ri0olih vkrfnv/ zdjhv uhpdlq yhu| forvh wr wkhlu vwhdg| vwdwh dfurvv
doo whvwhg fdoleudwlrqv1 Wkh odujhvw ghyldwlrq ri zdjhv iurp wkhlu vwhdg| vwdwh rffxuv xqghu
wkh frpelqdwlrq ri d eurdg fdslwdo vkduh/ ￿ @3 =93/ orz fdslwdo prelolw|/ tW
g @6 =57/d q g
yhu| kljk oderu prelolw|/ $ @4 =333958> khuh zdjhv uhdfk d plqlpxp <: shufhqw ri wkhlu
vwhdg| vwdwh ohyho :15 |hduv iroorzlqj wkh txdolw|0ri0olih vkrfn +Wdeoh 7 Sdqho I,1 Iru wkh
edvh fdoleudwlrq/ zdjhv gurs wr mxvw <<17 shufhqw ri wkhlu vwhdg|0vwdwh ohyho +Wdeoh 7 Sdqho
E,1
Wkdw krxvlqj vdohv sulfhv uhpdlq uhodwlyho| forvh wr wkhlu vwhdg| vwdwh iroorzlqj surgxf0
wlylw| dqg txdolw|0ri0olih vkrfnv lv vrphzkdw iudjloh1 Wklv lv vxusulvlqj jlyhq wkdw krxvlqj
vdohv sulfh lv dq lqkhuhqwo| iruzdug0orrnlqj phwulf +l1h1 wkdw lw lv d glvfrxqwhg suhvhqw ydoxh,1
Wkh h{sodqdwlrq lv wkdw wkh pdlq ghwhuplqdqw ri krxvlqj uhqwdo sulfhv lv fxuuhqw srsxodwlrq
zklfk/ dv mxvw rxwolqhg/ lv vorz wr dgmxvw wr fkdqjhv lq surgxfwlylw| dqg txdolw| ri olih1 Wkh
orzhu wkh ohyhov ri fdslwdo dqg oderu prelolw|/ wkh vorzhu wkh udwh ri srsxodwlrq dgmxvwphqw
dqg khqfh wkh iduwkhu zloo eh lqlwldo srvw0vkrfn krxvlqj vdohv sulfhv iurp lwv vwhdg|0vwdwh
ohyho1 Iru wkh edvh fdoleudwlrq/ krxvlqj vdohv sulfh mxpsv :4 shufhqw dqg 9; shufhqw ri wkh
glvwdqfh wr lwv qhz vwhdg| vwdwh frqfxuuhqw zlwk wkh surgxfwlylw| dqg txdolw|0ri0olih vkrfnv/
uhvshfwlyho|1 Zlwk wkh vdph ohyho ri fdslwdo prelolw|/ tW
g @4 =89/ exw zlwk orz oderu pr0
elolw|/ $ @4 =3;/ wkhvh gurs wr 83 shufhqw dqg 6; shufhqw> kroglqj oderu prelolw| frqvwdqw/
jrlqj iurp wkh edvh ohyho wr orz fdslwdo prelolw|/ tW
g @6 =57/ wkh txdolw|0ri0olih uhodwlyh mxps
gursv wr 97 shufhqw1 Vlploduo| prylqj iurp d qduurz wr d eurdg fdslwdo vkduh dovr fdxvhv
wkh sruwlrq ri wkh glvwdqfh wr lwv qhz vwhdg| vwdwh e| zklfk lqlwldo odqg vdohv sulfh mxpsv
wr ehfrph vpdoohu1
Vxpplqj xs/ ghvslwh h{whqghg htxloleulxp wudqvlwlrq sdwkv iroorzlqj surgxfwlylw| dqg
txdolw| ri olih vkrfnv gxulqj zklfk srsxodwlrq pd| uhpdlq idu dzd| iurp lwv vwhdg| vwdwh/
dq dvvxpswlrq wkdw zdjhv dqg krxvlqj vdohv sulfhv duh forvh wr wkhlu vwhdg|0vwdwh ohyhov
grhv qrw vhhp xquhdvrqdeoh1 Wkh qxphulfdo uhvxowv vkrz wkdw iru krxvlqj vdohv sulfhv/ d
qhfhvvdu| frqglwlrq iru vxfk dq dvvxpswlrq lv wkdw wkhuh eh vx!flhqw ohyhov ri fdslwdo dqg
oderu prelolw|1 Exw wkh xqghuo|lqj dvvxpswlrq ri d ￿{hg vxsso| ri krxvlqj vhuylfhv vxjjhvwv
66wkdw wkh qxphulfdo uhvxowv eh lqwhusuhwhg dv dq xsshu erxqg rq wkh ghjuhh wr zklfk krxvlqj
sulfhv fdq ghyldwh iurp wkhlu vwhdg|0vwdwh ohyho1 Xqghu pruh uhdolvwlf vxsso| frqglwlrqv/
krxvlqj sulfhv duh olnho| wr uhpdlq vljql￿fdqwo| forvhu wr wkhlu vwhdg|0vwdwh ohyho dorqj wkh
wudqvlwlrq sdwk1
Dq lpsruwdqw fdyhdw lv wkdw iroorzlqj fdslwdo vkrfnv/ erwk zdjhv dqg odqg vdohv sulfh
pd| ghyldwh vxevwdqwldoo| iurp wkhlu orqj uxq vwhdg|0vwdwh ohyhov> pruhryhu/ wklv ghyldwlrq
fdq shuvlvw iru d orqj wlph1 Khqfh lw ehkrryhv uhvhdufkhuv xvlqj d frpshqvdwlqj gl￿huhqwldo
iudphzrun wr frqvlghu zkhwkhu wkh orfdo dwwulexwhv ehlqj fruuhodwhg zlwk zdjhv dqg krxvh
vdohv sulfhv pd| lq idfw eh fruuhodwhg zlwk orfdo ￿fdslwdo vkrfnv￿1 Vr/ iru lqvwdqfh/ f|folfdo
grzqwxuqv lq wkh sulfhv ri ydulrxv djulfxowxudo frpprglwlhv pljkw ohdg wr d idovh lqihuhqfh
wkdw zhdwkhu frqglwlrqv frqgxflyh wr wkh jurzwk ri vxfk frpprglwlhv frqwulexwh qhjdwlyho|
wr surgxfwlylw| dqg wr txdolw| ri olih1 Lq jhqhudo doorzlqj iru wklv w|sh ri fdslwdo vkrfn
lqwhusuhwdwlrq lv pxfk hdvlhu kdqgohg +dqg riwhq glvplvvhg, wkdq doorzlqj iru wkh srvvlelolw|
wkdw orfdo zdjhv dqg odqg sulfhv gr qrw ixoo| lqfrusrudwh wkh orfdo dwwulexwh frqwulexwlrqv
wr surgxfwlylw| dqg txdolw| ri olih1
Frpsohphqwlqj wkh frpshqvdwlqj gl￿huhqwldo iudphzrun/ srsxodwlrq  rzv fdq lghqwli|
vkliwv lq orfdo surgxfwlylw| dqg orfdo txdolw| ri olih1 Wkh sduwldo fruuhodwlrqv ri qhw pljudwlrq
zlwk ydulrxv orfdo dwwulexwhv vkrxog slfnxs wkh fkdqjh lq frqwulexwlrqv iurp vxfk dwwulexwhv
wr orfdo surgxfwlylw| dqg orfdo txdolw| ri olih1 Wkh shuvlvwhqfh ri srsxodwlrq  rzv iroorzlqj
vxfk fkdqjhv vxjjhvwv wkdw vxfk dq h{huflvh vkrxog eh uhodwlyho| lqvhqvlwlyh wr wkh h{dfw
wlph shulrg ryhu zklfk qhw pljudwlrq lv h{dplqhg1
9 Frqfoxvlrqv
Lq rughu wr wklqn derxw jurzwk lq d orfdo frqwh{w/ wkh qhrfodvvlfdo jurzwk prgho lv h{whqghg
wr doorz iru oderu prelolw|1 Krxvlqj vhuylfhv duh lqfoxghg lq lqglylgxdov* xwlolw| ixqfwlrqv dv
d vrxufh ri orqj uxq frqjhvwlrq> txdolw| ri olih lv lqfoxghg lq lqglylgxdov* xwlolw| ixqfwlrqv wr
fdswxuh wkdw lqglylgxdov pd| suhihu wr olyh lq vrph orfdolwlhv udwkhu wkdq rwkhuv hyhq diwhu
frqwuroolqj iru zdjhv dqg odqg sulfhv1 Iulfwlrqv lq wkh irup ri d frvw wr lqvwdoolqj fdslwdo
sursruwlrqdo wr wkh udwh ri jurvv lqyhvwphqw dqg dq dqdorjrxv prylqj frvw sursruwlrqdo wr
wkh udwh ri qhw pljudwlrq h￿hfw lq h{whqghg htxloleulxp wudqvlwlrq sdwk gxulqj zklfk uhqwv
duh dvvrfldwhg zlwk rzqlqj fdslwdo dqg olylqj lq vrph orfdolwlhv uhodwlyh wr rwkhuv1
67Wzr pdlq uhvxowv hphujh= ￿uvw lv wkdw wkh vshhg ri lqfrph frqyhujhqfh iroorzlqj fds0
lwdo vkrfnv lv uhodwlyho| lqvhqvlwlyh wr wkh ghjuhh ri oderu prelolw|> rxw rzv ri srsxodwlrq
iroorzlqj vxfk vkrfnv fuhdwh d glvlqfhqwlyh iru jurvv fdslwdo irupdwlrq1 Vhfrqg lv wkdw glv0
fuhwh fkdqjhv lq orfdo surgxfwlylw| dqg lq orfdo txdolw| ri olih lqgxfh yhu| shuvlvwhqw  rzv ri
srsxodwlrq hyhq zkhq wkh fkdqjhv duh vpdoo dqg hyhq zkhq oderu lv kljko| preloh> dw wkh
vdph wlph zdjhv dqg krxvh vdohv sulfhv uhpdlq uhodwlyho| forvh wr wkhlu vwhdg|0vwdwh ohyhov1
Orfdo jurzwk wkhru| dgplwv vhyhudo rwkhu uhvxowv1 Wkh vshhg ri lqfrph frqyhujhqfh
ydulhv frqvlghudeo| lq d qhljerukrrg yhu| forvh wr wkh vwhdg| vwdwh1 Frqvxpswlrq vprrwk0
lqj fdxvhv vwhdg|0vwdwh dvvhw zhdowk dqg khqfh vwhdg|0vwdwh srsxodwlrq ghqvlw| wr eh klvwru|
ghshqghqw1 Zlwk lqhodvwlfdoo| vxssolhg krxvlqj vhuylfhv dqg dvvxplqj htxdo udwhv ri wkh hodv0
wlflw| ri lqwhuwhpsrudo vxevwlwxwlrq iru krxvlqj vhuylfhv dqg txdolw| ri olih/ vwhdg|0vwdwh odqg
sulfhv ulvh dw h{dfwo| wkh uljkw udwh wr r￿vhw dq|  rz ri srsxodwlrq iurp kljk surgxfwlylw|
wr kljk txdolw|0ri0olih orfdohv dv shu fdslwd lqfrph ulvhv1 Dqg hyhq zlwk frpsohwh oderu
prelolw| +l1h1 iulfwlrqohvv oderu,/ dzd| iurp d orqj uxq vwhdg| vwdwh rqo| xwlolw| ohyhov udwkhu
wkdq xwlolw|  rzv zloo eh htxdo dfurvv orfdolwlhv1
Wkhvh ydulrxv txdolwdwlyh uhvxowv vxjjhvw d zlgh0udqjlqj uhvhdufk djhqgd1 Dw d prvw
edvlf ohyho lv wkh ghvludelolw| ri h{sorulqj wkhlu urexvwqhvv wr dowhuqdwlyh ixqfwlrqdo irupv1
Pruh vshfl￿fdoo|/ ehfdxvh wkh fdslwdo lqvwdoodwlrq frvw dqg oderu prylqj frvw vhuyh dv wkh
pdlq phfkdqlvpv vkdslqj wudqvlwlrqdo g|qdplfv/ lpsurylqj rxu xqghuvwdqglqj ri wkhp/
erwk hpslulfdoo| dqg wkhruhwlfdoo|/ vwdqgv rxw dv d pdmru sulrulw|1 Iru wkh oderu prylqj
frvw/ hqgrjhql}lqj krxvlqj vhuylfh surylvlrq r￿huv rqh srvvleoh phdqv iru grlqj vr1 Wkh
vxevwlwxwdelolw| ri fdslwdo prelolw| dqg oderu prelolw| iroorzlqj fdslwdo vkrfnv dqg wkh
uhvxowlqj lqvhqvlwlylw| ri wkh vshhg ri lqfrph frqyhujhqfh wr wkh ghjuhh ri oderu prelolw|
udlvhv wkh txhvwlrq/ krz lpsruwdqw lv oderu prelolw| lq gdpshqlqj dv|qfkurqrxv f|folfdo
vkrfnvB Dgguhvvlqj wklv uhtxluhv wkh h{whqvlrq ri wkh orfdo jurzwk prgho wr fdswxuh f|folfdo
skhqrphqd vxfk dv xqhpsor|phqw1
Pruh jhqhudoo|/ orfdo jurzwk wkhru| vxjjhvwv wkdw oderu  rzv duh wkh ehvw revhuydeoh
orfdo dqdorj wr shu fdslwd lqfrph jurzwk dfurvv qdwlrq vwdwhv1 Iru qdwlrq vwdwhv/ shu fdslwd
lqfrph jurzwk ghulyhv hlwkhu iurp ulvlqj surgxfwlylw| ru iurp fdslwdo dffxpxodwlrq1 Dw wkh
orfdo ohyho/ erwk ulvlqj surgxfwlylw| dqg fdslwdo dffxpxodwlrq duh dffrpsdqlhg e| lq rzv
ri oderu1 Vxfk lq rzv kdyh wkh dgglwlrqdo ehqh￿w wkdw wkh| slfnxs ulvhv lq orfdo txdolw| ri
olih1 Dv wkh xowlpdwh jrdo ri ￿jurzwk￿ lv wkh orqj uxq dwwdlqphqw ri kljk xwlolw|/ ru vr L
68zrxog dujxh/ wkhuh lv qr jrrg d sulrul uhdvrq wr h{foxgh txdolw|0ri0olih frqvlghudwlrqv iurp
jurzwk wkhru|1 Zkloh wkh gl!fxow| ri txdqwli|lqj txdolw| ri olih odujho| survfulehv lwv h{solflw
frqvlghudwlrq lq jurzwk prghov dw wkh ohyho ri wkh qdwlrq vwdwh/ dv vrrq dv rqh hqgrjhql}hv
orfdwlrqdo fkrlfh/ wr h{foxgh txdolw| ri olih lv wr dvvxph dzd| dq lpsruwdqw/ qrqruwkrjrqdo
irufh1 Dv orfdo jurzwk wkhru| looxvwudwhv/ ulvlqj ohyhov ri orfdo shu fdslwd lqfrph pd| ghulyh
iurp fdslwdo dffxpxodwlrq dqg iurp ulvlqj surgxfwlylw| exw dovr iurp idoolqj txdolw| ri olih1
Dqg vr hyhq diwhu frqwuroolqj iru fdslwdo vkrfnv/ lqwhusuhwlqj wkh sduwldo fruuhodwhv ri orfdo
shu fdslwd lqfrph jurzwk lv hvshfldoo| sureohpdwlf1 Lq frqwudvw/ zkloh srsxodwlrq  rzv fdq
qrw glvwlqjxlvk ehwzhhq surgxfwlylw| dqg txdolw|0ri0olih fkdqjhv/ wkh| gr xqdpeljxrxvo|
lghqwli| zkhwkhu vxfk fkdqjhv zhuh lq d ￿jrrg￿ ru ￿edg￿ gluhfwlrq1
Dsshqglfhv
D Sduwldo Ghulydwlyhv zlwk Uhvshfw wr Surgxfwlylw| dqg Txdolw| ri Olih
Wr hvwdeolvk wkdw gz
g surgxfwlylw| A 3/ uhfrjql}h wkdw ￿+￿, lv d sur￿w ixqfwlrq1 Khqfh lwv ghulydwlyhv





C surgxfwlylw| .￿ z +￿, gz
g surgxfwlylw| @3
@ Isurgxfwlylw| +￿,.￿ z +￿, gz
g surgxfwlylw| @3
+D14,
E| dvvxpswlrq Isurgxfwlylw| +￿, A 31 Khqfh gz
g surgxfwlylw| A 3=
Wr hvwdeolvk wkdw
gs
g surgxfwlylw| A 3/ uhfrjql}h wkdw X +￿, lv dq lqgluhfw xwlolw| ixqfwlrq1 Khqfh lwv
ghulydwlyh zlwk uhvshfw wr lwv uhvrxufh frqvwudlqw zloo eh srvlwlyh/ Xz +￿, A 3/ dqg lwv ghulydwlyh zlwk
uhvshfw wr wkh sulfhv ri xwlolw| dujxphqwv zloo eh qhjdwlyh/ Xs +￿, ? 31 Wdnlqj wkh wrwdo ghulydwlyh ri









Wr hvwdeolvk wkdw gz
g txdolw| ri olih @3 / wrwdoo| gl￿huhqwldwh ￿+￿, dqg uhduudqjh1
Wr hvwdeolvk
gs




C txdolw| . Xs +￿,
gs
g txdolw| @3




E| dvvxpswlrq xtxdolw| +￿, A 31 Khqfh
gs
g txdolw| ri olih A 3=
Ilqdoo|/ wr vkrz wkdw srsxodwlrq ghqvlw| ulvhv zlwk lqfuhdvhv lq surgxfwlylw| dqg txdolw| ri
olih/ gO
g surgxfwlylw| A 3 dqg gO
g txdolw| ri olih A 31 E| wkh hfrqrp| uhvrxufh frqvwudlqw/ +6,/ wklv lv
69htxlydohqw wr vkrzlqj wkdw shu fdslwd odqg frqvxpswlrq gursv zlwk vxfk fkdqjhv/ gq
g surgxfwlylw| A 3
dqg gq

























g surgxfwlylw| A 31 E| +D17, lw iroorzv wkdw gf
g surgxfwlylw| ? 31 x+￿, lv vxfk wkdw
xq+￿,
xf+￿, @
s pxvw idoo1 Exw wklv ylrodwhv wkdw
gs
g surgxfwlylw| A 31 Khqfh gq
g surgxfwlylw| ? 31 Wkh vdph dujxphqw
xvlqj +D18, hvwdeolvkhv wkdw gq
g txdolw| ri olih ? 3=
E Orfdo Jurzwk zlwk Iulfwlrqohvv Oderu
Dq dvvxpswlrq ri iulfwlrqohvv oderu +l1h1 eO @3, dvvxuhv wkdw xwlolw| ohyhov zloo dozd|v eh htxdo
dfurvv orfdolwlhv1 Exw iulfwlrqohvv oderu grhv qrw lpso| wkdw xwlolw|  rzv zloo eh lghqwlfdo dfurvv
orfdolwlhv1 Rq wkh frqwudu|/ lq jhqhudo rqo| lq d orqj0uxq vwhdg| vwdwh zloo xwlolw|  rzv eh htxdo
dfurvv orfdolwlhv1 Wkh nh| wr wkh surri zklfk iroorzv lv wkdw htxdo xwlolw|  rzv dfurvv orfdolwlhv lpso|
htxdo dvvhw dffxpxodwlrq dfurvv orfdolwlhv exw wkdw wrjhwkhu wkhvh wzr frqglwlrqv ryhu ghwhuplqh wkh
g|qdplf v|vwhp1 Udwkhu wkdq htxdwlqj xwlolw|  rzv lqvwdqwdqhrxvo|/ iulfwlrqohvv oderu lpsolhv dq
lqwhuwhpsrudo wudghr￿ lq wkh vhqvh wkdw olylqj lq vrph orfdolwlhv lv dvvrfldwhg zlwk kljkhu xwlolw|
 rzv wrgd| zkloh olylqj lq rwkhuv lv dvvrfldwhg zlwk kljkhu dvvhw dffxpxodwlrq wrgd| +dqg vr kljkhu
xwlolw|  rzv lq wkh ixwxuh,1
Wkh lqvwdqwdqhrxv htxdwlqj ri xwlolw| ohyhov dfurvv orfdolwlhv lpsolhv/
gXzhdowk>l>w . gXsulfh>l>w . gXtxdolw|>l>w @3 +E14,





























Qrwh wkdw +E15, lv wkh frqglwlrq iru wkh lqvwdqwdqhrv htxdwlqj ri xwlolw| ohyhov dfrvv orfdolwlhv
dw d vlqjoh srlqw lq wlph rqo|1 Vxssrvh wkdw xwlolw|  rzv duh dozd|v htxdo dfurvv orfdolwlhv vr wkdw
+E15, krogv iru doo w1 Lw iroorzv wkdw dvvhw dffxpxodwlrq pxvw eh htxdo dv zhoo +l1h1 dvvhwvl+w,@
dvvhwvurz+w,;w,> li qrw/ lqglylgxdov frxog lqfuhdvh wkhlu xwlolw| e| olylqj lq d orfdolw| zlwk kljkhu
dvvhw dffxpxodwlrq iru d wlph diwhu zklfk wkh| vzlwfk wr d gl￿huhqw orfdolw| lq zklfk wkhlu lqfuhdvhg
6:dvvhw zhdowk doorzv wkhp wr ￿qdqfh d kljkhu  rz ri rxwsxw dqg odqg frqvxpswlrq1 Uhfdoo wkdw wkh
exgjhw frqvwudlqw iru lqglylgxdo dvvhw dffxpxodwlrq lv jlyhq e|/
g
gw
dvvhwvl>w @ u ￿ dvvhwvl>w . zl>w ￿ fl>w ￿ sl>wql>w +E16,
Wkh ￿uvw rughu frqglwlrqv/ +<d, dqg +<e,/ lpso|/
g
gw




Lq urz/ dvvhw zhdowk jurzv dw wkh udwh ri h{rjhqrxv whfkqrorjlfdo surjuhvv/ { +zklfk htxdov
u ￿ ￿,1 Khqfh wkh vhfrqg wzr whupv ri wkh uljkw kdqg vlgh ri +E17, wrjhwkhu pxvw dozd|v vxp wr
}hur1 Khqfh wkh ixwxuh sdwk ri srsxodwlrq lq orfdolw| l pxvw vdwlvi|/
iOl>vj
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zl>v +Nl>v>O l>v,h￿u+v￿w,gv @3
Dvvxph wkdw wkhuh h{lvwv d wlph sdwk ri srsxodwlrq zklfk vdwlv￿hv +E18,1 Lq jhqhudo wklv zloo qrw
eh wkh vdph dv d wlph sdwk ri srsxodwlrq zklfk vdwlv￿hv +E15,1 Wkh v|vwhp lv ryhu ghwhuplqhg1 Vkrxog
e| frlqflghqfh erwk +E15, dqg +E18, krog vlpxowdqhrxvo|/ d voljkw shuwxuedwlrq wr wkh sdudphwhu ￿
zloo ohdyh +E18, xqd￿hfwhg exw fdxvh +E15, wr qr orqjhu krog1
Lq￿qlwho|0olyhg djhqwv uhvlglqj lq d orz0xwlolw|0 rz orfdoh qhhg qrw hyhu dfwxdoo| uhdol}h wkh
ixwxuh kljkhu xwlolw|  rzv wkhlu dvvhw dffxpxodwlrq zloo doorz wkhp1 Sduwlfxoduo| zlwk d frqvwdqw
hodvwlflw| ri lqwhuwhpsrudo vxevwlwxwlrq/ lw lv srvvleoh wkdw vxfk orz0xwlolw|0 rz uhvlghqwv pd| eh
zloolqj wr lqgh￿qlwho| srvwsrqh wkhlu judwl￿fdwlrq1 Pruh jhqhudoo|/ olih f|foh frqvlghudwlrqv dqg d
ghfuhdvlqj pdujlqdo xwlolw| ri +ixwxuh, rxwsxw frqvxpswlrq vkrxog hyhqwxdoo| fdxvh kljk0dvvhw0zhdowk
lqglylgxdov wr eh ohvv zloolqj wr ghod| judwl￿fdwlrq wkdq orz0dvvhw0zhdowk lqglylgxdov1 Li vr/ wkhuh
zrxog qhhg wr eh d frqwlqxdo uhvkx"lqj ri djhqwv ehwzhhq kljk0xwlolw|0 rz dqg orz0xwlolw|0 rz
orfdohv1 Zlwk iulfwlrqohvv oderu/ vxfk d uhvkx"lqj lv frvwohvv1 +Dv orqj dv qhw pljudwlrq zhuh }hur/
vxfk d uhvkx"lqj zrxog dovr eh frvwohvv lq wkh prgho lq wkh pdlq wh{w deryh1,
Lq wkh uhdo zruog/ rqh fdq ￿qg qxphurxv h{dpsohv ri ￿orfdolwlhv￿ zklfk doorz iru d wudghr￿
ri orz fxuuhqw xwlolw|  rzv iru kljk ixwxuh xwlolw|  rzv yld kljk fxuuhqw dvvhw dffxpxodwlrq +h1j1
r￿0vkruh rlo uljv/ frpphufldo ￿vklqj erdwv/ lqyhvwphqw edqnv/ 111,
F Orfdo Jurzwk Htxdwlrqv ri Prwlrq dqg Vwhdg|0Vwdwh Ohyhov
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Irfxvlqj ￿uvw rq wkh odqg sulfh htxdwlrq/ +F17,/ d sduwldo h￿hfw ri dq lqfuhdvh lq dvvhw zhdowk
lv wr fdxvh djhqwv wr lqfuhdvh wkhlu vshqglqj rq krxvlqj vhuylfhv wkhuhe| lqfuhdvlqj odqg sulfhv1 Exw
wkh wrwdo h￿hfw lqfoxghv lq dgglwlrq wkdw fkdqjhv lq dvvhw zhdowk d￿hfw vwhdg|0vwdwh srsxodwlrq/ +l1h1
+F16,,1 Zkhq wrwdo idfwru surgxfwlylw| qrupdol}hg e| wkh lqvwdoodwlrq frvw ri fdslwdo +l1h1 Dr
h eN
,l v
vx!flhqwo| orz lq orfdolw| l uhodwlyh wr urz/ lqfuhdvhv lq dvvhw zhdowk ohdg wr d kljkhu vwhdg|0vwdwh
srsxodwlrq iru orfdolw| l1 Khqfh/ erwk wkh ￿sduwldo￿ dqg ￿srsxodwlrq￿ h￿hfwv ri wkh lqfuhdvh lq
dvvhw zhdowk duh wr udlvh orfdolw| l odqg sulfhv1 Rq wkh rwkhu kdqg/ zkhq qrupdol}hg wrwdo idfwru
surgxfwlylw| lv vx!flhqwo| kljk lq orfdolw| l uhodwlyh wr urz/ wkh ￿sduwldo￿ dqg ￿srsxodwlrq￿ h￿hfwv duh
lq wkh rssrvlwh gluhfwlrq dqg vr lqfuhdvhv lq dvvhw zhdowk fdq orzhu vwhdg|0vwdwh orfdolw| l odqg sulfhv1
Wkdw wkh fkdqjh lq vljq ri wkh wrwdo ghulydwlyh rffxuv dw d orzhu ydoxh ri qrupdol}hg surgxfwlylw|
iru srsxodwlrq/ +F16,/ wkdq iru odqg sulfhv/ +F17,/ qdwxudoo| iroorzv= zkhq wkh wrwdo ghulydwlyh iru
srsxodwlrq lv h{dfwo| }hur/ wkh sduwldo h￿hfw rq odqg sulfhv ri dq lqfuhdvh lq dvvhw zhdowk uhpdlqv
srvlwlyh1
Irfxvlqj qrz rq wkh srsxodwlrq htxdwlrq/ frqvlghu wkh fdvh zkhuh qrupdol}hg wrwdo idfwru
surgxfwlylw| lv orzhu lq l wkdq lq urz1 Uhfdoo wkdw wkh dvvxpswlrq ri Wlherxw zhdowk vruwlqj lpsolhv
73wkdw dvvhwv￿
l lv wkh vwhdg|0vwdwh dvvhw zhdowk ri erwk l*v uhvlghqwv dqg ri srwhqwldo pljudqwv wr l
iurp urz1 Wkh kljkhu wkh dvvhw zhdowk ri srwhqwldo pljudqwv/ wkh orzhu wkh xwlolw| orvv iurp l*v orz
surgxfwlylw|1 Dqg vr wkh sduwldo h￿hfw ri dq lqfuhdvh lq dvvhw zhdowk lv wr pdnh l ohvv xqdwwudfwlyh dqg
khqfh wr lqfuhdvh l*v srsxodwlrq1 Wklv sduwldo h￿hfw lv juhdwhu wkh orzhu lv l*v surgxfwlylw| uhodwlyh wr
wkdw lq urz1 Dfwlqj lq dq rssrvlwh gluhfwlrq lv wkh sduwldo h￿hfw ri kljkhu dvvhw zhdowk rq odqg sulfhv=
iru d jlyhq srsxodwlrq/ kljkhu dvvhw zhdowk lpsolhv juhdwhu ghpdqg iru krxvlqj vhuylfhv dqg khqfh
kljkhu odqg sulfhv lq wxuq pdnlqj l pruh xqdwwudfwlyh wr srwhqwldo pljudqwv1 Dv orqj dv wkh ohiw0kdqg
vlgh ri wkh lqhtxdolw| lq +F16, lv ohvv wkdq 4￿￿ / wkh sduwldo h￿hfw grplqdwhv wklv odwwhu ￿sulfh￿ h￿hfw
vr wkdw lqfuhdvhv lq dvvhw zhdowk lqfuhdvh vwhdg|0vwdwh srsxodwlrq1 Zkhq wkh ohiw0kdqg vlgh ri wkh
lqhtxdolw| lq +F16, olhv rq wkh lqwhuydo ^4 ￿ ￿>4‘/ surgxfwlylw| lv l vwloo orzhu wkdq lq urz/ exw qrz
wkh sulfh h￿hfw grplqdwhv wkh sduwldo h￿hfw vr wkdw lqfuhdvhv lq dvvhw zhdowk ghfuhdvh vwhdg|0vwdwh
srsxodwlrq1
Ilqdoo|/ frqvlghu wkh fdvh zkhuh qrupdol}hg wrwdo idfwru surgxfwlylw| lv kljkhu lq l wkdq lq
urz1 Khuh/ wkh sduwldo h￿hfw ri dq lqfuhdvh lq dvvhw zhdowk rq srsxodwlrq lv qhjdwlyh= wkh kljkhu
wkh dvvhw zhdowk ri srwhqwldo pljudqwv/ wkh orzhu wkh xwlolw| jdlq iurp l*v kljk surgxfwlylw|1 Wkh
qhjdwlyh sduwldo h￿hfw ri kljkhu dvvhw zhdowk rq vwhdg|0vwdwh srsxodwlrq yld odqg sulfhv uhpdlqv1
Wrjhwkhu/ wkhvh wzr sduwldo h￿hfwv lpso| wkdw wkh wrwdo h￿hfw ri dq lqfuhdvh lq dvvhw zhdowk lv wr
fdxvh vwhdg|0vwdwh srsxodwlrq wr ghfuhdvh1 Ri frxuvh/ wkh odwwhu ￿sduwldo￿ h￿hfw ri kljkhu dvvhw zhdowk
fdxvlqj dq lqfuhdvh lq odqg sulfhv lv wkh rssrvlwh ri wkh wrwdo h￿hfw ri dvvhw zhdowk rq odqg sulfhv dv
glvfxvvhg lpphgldwho| deryh> exw wklv ￿uhyhuvdo￿ lv h{dfwo| ehfdxvh wkh wrwdo h￿hfw ri dvvhw zhdowk
rq vwhdg|0vwdwh srsxodwlrq lv qhjdwlyh1
D ￿qdo qrwh= jlyhq wkdw dvvhw zhdowk dv lw d￿hfwv vwhdg|0vwdwh srsxodwlrq dqg odqg sulfhv lq
+F15d, dqg +F15d, dozd|v hqwhuv wkurxjk d txrwlhqw whup lq zklfk lw dsshduv lq erwk qxphudwru dqg
ghqrplqdwru/ wkh pdjqlwxghv ri wkh wrwdo ghulydwlyhv ri vwhdg|0vwdwh srsxodwlrq dqg odqg sulfhv zlwk
uhvshfw wr dvvhw zhdowk whqg wr eh vpdoo1
G Frqyhujhqfh zlwk Pruh wkdq Rqh Vwdwh Yduldeoh= Vrph Dojheud
Wzr nh| fkdudfwhulvwlfv ri wkh g|qdplf prgho duh/ ￿uvw/ wkdw lwv vwhdg|0vwdwh lv qrw xqltxho| gh0
whuplqhg exw udwkhu ghshqgv rq klvwru|> dqg vhfrqg/ wkdw wkh vshhg ri frqyhujhqfh ￿ wkh udwh dw
zklfk lqfrph dqg srsxodwlrq dssurdfk wkhlu vwhdg|0vwdwh ohyhov qrupdol}hg e| wkhlu glvwdqfhv iurp
wkhlu uhvshfwlyh vwhdg|0vwdwh ohyhov ￿ ydulhv juhdwo|/ hyhq lq d qhljkerukrrg txlwh forvh wr wkh vwhdg|0
vwdwh1 Lw wxuqv rxw wkdw erwk surshuwlhv/ klvwru| ghshqghqfh dqg d ydu|lqj vshhg ri frqyhujhqfh/ duh
jhqhulf zlwk pxowlsoh vwdwh +l1h1 ￿qrq0mxpslqj￿, yduldeohv1 Wkh ￿surri￿ olhv pdlqo| lq srlqwlqj rxw
wkh qhfhvvlw| ri dq Q0glphqvlrqdo vxuidfh wr vsdq dq Q0glphqvlrqdo vsdfh1 Wkdw lv/ wr dvvxuh wkdw
vrph vwhdg| vwdwh fdq eh uhdfkhg iurp dq| ihdvleoh vwduwlqj0ydoxh frpelqdwlrq ri vwdwh yduldeohv/ wkh
glphqvlrqdolw| ri srvvleo| pxowlsoh vwhdg| vwdwhv soxv wkh glphqvlrqdolw| ri wkh wudqvlwlrq vxuidfh wr
74hdfk ri wkhvh pxvw vxp wr wkh qxpehu ri vwdwh yduldeohv1
D vwhdg| vwdwh zlwk glphqvlrqdolw| rqh ru pruh lv htxlydohqw wr klvwru| ghshqghqfh1 Vxfk
klvwru| ghshqghqfh lv pruh frpprq wkdq lv riwhq eholhyhg1 Eduur +4<:<, vkrzv wkhuh lv qr rqh
rswlpdo ohyho ri jryhuqphqw ghew> udwkhu/ d frxqwu|*v rswlpdo ghew ghshqgv rq lwv vshfl￿f klvwru|
ri vkrfnv +l1h1 zduv/ idplqhv/ ede| errpv/ qdwxudo uhvrxufh ￿qgv/ hwf1,1 Lq wzr vhfwru hqgrjhqrxv
jurzwk prghov +Pxooljdq dqg Vdod0l0Pduwlq/ 4<<6> Fdedooh dqg Vdqwrv/ 4<<6,/ wkh udwlr exw qrw wkh
ohyho ri kxpdq wr sk|vlfdo fdslwdo lv ghwhuplqdwh +wkh ohyho krzhyhu lv ohvv lqwhuhvwlqj zlwklq dq
hqgrjhqrxv jurzwk iudphzrun,1
Wkh olqhdul}dwlrq ri d wudqvlwlrq sdwk zlwk wzr ru pruh glphqvlrqv zloo dozd|v vkrz dq lq0
fuhdvlqj vshhg ri frqyhujhqfh= qhdu wkh vwhdg|0vwdwh wkh qhjdwlyh hljhqydoxh orzhvw lq devroxwh ydoxh
zloo grplqdwh> dv rqh pryhv dzd| iurp wkh vwhdg|0vwdwh/ wkh qhjdwlyh hljhqydoxh kljkhvw lq devroxwh
ydoxh zloo grplqdwh1 Wkh dojheud vkrzlqj wklv iroorzv lpphgldwho| ehorz1 Wkh dfwxdo wudqvlwlrq
sdwk +udwkhu wkdq lwv olqhdul}hg dssur{lpdwlrq, pd| vkrz dq lqfuhdvlqj/ frqvwdqw/ ru ghfuhdvlqj
vshhg ri frqyhujhqfh1 D frqvwdqw vshhg ri frqyhujhqfh/ krzhyhu/ zrxog eh d ud}ru wklq uhvxow1
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￿ ￿ ￿ ￿
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￿ +orj} ￿ orj}￿, +G16d,




￿ ￿ ￿ ￿
orj }@orj}￿
Ohw m￿im A m￿vm uhsuhvhqw wzr qhjdwlyh hljqhydoxhv ri M zlwk fruuhvsrqglqj hljhqyhfwruv yi
dqg yv/ dqg duelwudu| zhljkwlqj vfdoduv/ di dqg dv +￿i￿ lv phdqw wr frqqrwh ￿idvw￿ dqg ￿v￿/ ￿vorz￿,1
M +diyi . dvyv,@￿+￿idiyi . ￿vdvyv, +G17,
Wkhq wkh vroxwlrq wr +G16e, fdq eh zulwwhq dv/
orj+} ￿ }￿, ￿ diyih￿￿iw . dvyvh￿￿vw +G18,











orj+} ￿ }￿,@￿￿ ￿orj+} ￿ }￿,








Lw lv lpphgldwho| hylghqw wkdw xqohvv hlwkhu di ru dv htxdo }hur/ ￿ zloo gl￿hu lq lwv hohphqwv dqg




orj+} ￿ }￿, ￿ orj+} ￿ }￿,








Qrupdol}h wkh hljhqyhfwruv vr wkdw wkh ￿uvw hohphqw ri hdfk htxdov rqh1 Wkhq wkh vshhg ri
frqyhujhqfh fruuhvsrqglqj wr wklv ￿uvw hohphqw lv jlyhq e|/
￿4 +w, ￿
￿idih￿￿iw . ￿vdvh￿￿vw
dih￿￿iw . dvh￿￿vw +G1<,
Vr h{fhsw lq wkh vshfldo fdvh zkhq di ru dv htxdo }hur/ wkh olqhdul}dwlrq lpsolhv wkh vshhg ri
frqyhujhqfh iru wklv uhsuhvhqwdwlyh ￿uvw hohphqw zloo jr iurp di wr dv dv wlph jrhv iurp qhjdwlyh wr
srvlwlyh lq￿qlw|1 Li di dqg dv duh rssrvlwho| vljqhg/ lw zloo dovr dv|pswrwh wr srvlwlyh dqg qhjdwlyh
lq￿qlw| dw vrph lqwhuphgldwh wlph1
77Eleolrjudsk|
Dghv/ Doehuwr I1 dqg Hgzdug O1 Jodhvhu +4<<8,1 ￿Wudgh dqg Flufxvhv= H{sodlqlqj Xuedq Jldqwv1￿
Txduwhuo| Mrxuqdo ri Hfrqrplfv 443/ 4 +Iheuxdu|,/ ss1 4<8 0 55;1
Eduur/ Urehuw M1 +4<:<,1 ￿Rq wkh Ghwhuplqdwlrq ri Sxeolf Ghew1￿ Mrxuqdo ri Srolwlfdo Hfrqrp|/
;:/ +Rfw1,/ ss1 <73 ￿ <:41
Eduur/ Urehuw M1 dqg [dylhu Vdod0l0Pduwlq/ +4<<4,1 ￿Frqyhujhqfh dfurvv Vwdwhv dqg Uhjlrqv1￿ Eurrn0
lqjv Sdshuv rq Hfrqrplf Dfwlylw|/ 4=4<<4/ ss1 43: ￿ 4;51
Eduur/ Urehuw M1 dqg [dylhu Vdod0l0Pduwlq +4<<8,1 Hfrqrplf Jurzwk1 Qhz \run= PfJudz Kloo1
Eodqfkdug/ Rolylhu M1 dqg Odzuhqfh I1 Ndw} +4<<5,1 ￿Uhjlrqdo Hyroxwlrqv1￿ Eurrnlqjv Sdshuv rq
Hfrqrplf Dfwlylw| 4=4<<51
Eodqfkdug/ Rolylhu/ Fkdqj|rqj Ukhh/ dqg Odzuhqfh Vxpphuv +4<<6,1 ￿Wkh Vwrfn Pdunhw/ Sur￿w/
dqg Lqyhvwphqw1￿ Txduwhuo| Mrxuqdo ri Hfrqrplfv 43;/ 4 +Ihe1,/ ss1 448 ￿ 4691
Eruwv/ Jhrujh K1 +4<93,1 ￿Uhjlrqdo F|fohv ri Pdqxidfwxulqj Hpsor|phqw lq wkh Xqlwhg Vwdwhv1￿
Mruxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq 88/ ss1 48405441 Uhsulqwhg dv QEHU Rffdvlrqdo
Sdshu :61
Eudxq/ Mxdq +4<<6,1 Hvvd|v rq Hfrqrplf Jurzwk dqg Pljudwlrq1 Sk1G1 glvvhuwdwlrq/ Kduydug
Xqlyhuvlw|1
Fdedoo￿/ Mrugl dqg Pdqxho V1 Vdqwrv +4<<6,1 ￿Rq Hqgrjhqrxv Jurzwk zlwk Sk|vlfdo dqg Kxpdq
Fdslwdo1￿ Mrxuqdo ri Srolwlfdo Hfrqrp| 434/ 9 +Ghf1,/ ss1 4375 ￿ 439:1
Fdvhool/ Iudqfhvfr/ Jhudugr Hvtxlyho/ dqg Ihuqdqgr OhiruwFdvhool/ Iudqfhvfr/ Jhudugr Hvtxlyho/
dqg Ihuqdqgr Ohiruw +4<<9,1 ￿Uhrshqlqj wkh Frqyhujhqfh Ghedwh= D Qhz Orrn dw Furvv0Frxqwu|
Jurzwk Hpslulfv1￿ Mrxuqdo ri Hfrqrplf Jurzwk 4/ 6 +Vhswhpehu,/ ss1 69606;<1
Jodhvhu/ Hgzdug O1/ Mrv￿ D1 Vfkhlqnpdq/ dqg Dqguhl Vkohlihu +4<<8,1 ￿Hfrqrplf Jurzwk lq d
Furvv0Vhfwlrq ri Flwlhv1￿ Mrxuqdo ri Prqhwdu| Hfrqrplfv 69/ ss1 44: ￿ 4761
Juhhqzrrg/ Plfkdho M1> Jdu| O1 Kxqw> Gdq V1 Ulfnpdq> Jhrujh L1 Wuh|} +4<<4,1 ￿Pljudwlrq/
Uhjlrqdo Htxloleulxp/ dqg wkh Hvwlpdwlrq ri Frpshqvdwlqj Gl￿huhqwldov1￿ Dphulfdq Hfrqrplf
Uhylhz ;4/ 8 +Ghf1,/ ss1 46;5 ￿46<31
J|rxunr/ Mrvhsk dqg Mrvhsk Wudf| +4<;<,1 ￿Wkh Lpsruwdqfh ri Orfdo Ilvfdo Frqglwlrqv lq Dqdo|}lqj
Orfdo Oderu Pdunhwv1￿ Mrxuqdo ri Srolwlfdo Hfrqrp| <:/ 8 +Rfw1,/ ss1 453; ￿ 45641
J|rxunr/ Mrvhsk dqg Mrvhsk Wudf| +4<<4,1 ￿Wkh Vwuxfwxuh ri Orfdo Sxeolf Ilqdqfh dqg wkh Txdolw|
ri Olih1￿ Mrxuqdo ri Srolwlfdo Hfrqrp| <</ 7 +Dxj1,/ ss1 ::7 ￿ ;391
Kd|dvkl/ Ixplr +4<;5,1 ￿Wrelq*v Pdujlqdo t dqg Dyhudjh t= D Qhrfodvvlfdo Lqwhusuhwdwlrq1￿ Hfrqr0
phwulfd 83/ 4 +Mdq1,/ ss1 546 ￿ 55711
Lvodp/ Qd}uxo +4<<8,1 ￿Jurzwk Hpslulfv= d Sdqho Gdwd Dssurdfk1￿ Txduwhuo| Mrxuqdo ri Hfrqrplfv
443/ 7 +Qryhpehu,/ ss1 445:044:31
Nlqj/ Urehuw J1 dqg Vhujlr W1 Uhehor +4<<6,1 ￿Wudqvlwlrqdo G|qdplfv dqg Hfrqrplf Jurzwk lq
wkh Qhrfodvvlfdo Prgho1￿ Dphulfdq Hfrqrplf Uhylhz ;6/ 7 +Vhswhpehu,/ ss1 <3; 0 <641
78Nrrspdqv/ Wmdoolqj F1 +4<98,1 ￿Rq wkh Frqfhsw ri Rswlpdo Hfrqrplf Jurzwk1￿ Wkh Hfrqrphwulf
Dssurdfk wr Ghyhorsphqw Sodqqlqj1 Dpvwhugdp= Qruwk Kroodqg1
Nuxjpdq/ Sdxo +4<<4,1 Jhrjudsk| dqg Wudgh1 Fdpeulgjh/ PD= PLW Suhvv1
Pxhvhu/ Shwhu U1 dqg Sklols H1 Judyhv +4<<8,1 ￿H{dplqlqj wkh Uroh ri Hfrqrplf Rssruwxqlw| dqg
Dphqlwlhv lq H{sodlqlqj Srsxodwlrq Uhglvwulexwlrq1￿ Mrxuqdo ri Xuedq Hfrqrplfv 6:/ 5 +Pdufk,/
ss1 4:9 ￿ 5331
Pxooljdq/ Fdvh| E1 dqg [dylhu Vdod0l0Pduwlq +4<<6,1 ￿Wudqvlwlrqdo G|qdplfv lq Wzr0Vhfwru Prghov
ri Hqgrjhqrxv Jurzwk1￿ Txduwhuo| Mrxuqdo ri Hfrqrplfv 43;/ 6 +Dxj, ss1 :6< ￿ ::61
Udpvh|/ Iudqn +4<5;,1 ￿D Pdwkhpdwlfdo Wkhru| ri Vdylqj1￿ Hfrqrplf Mrxuqdo 6; +Ghf1,/ ss1 876
￿8 8 < 1
Udssdsruw/ Mrugdq +4<<;,1 ￿Krz wkh Vshhg ri Frqyhujhqfh Ydulhv1￿ Plphr/ Fhqwhu iru Lqwhuqdwlrqdo
Ghyhorsphqw/ Kduydug Xqlyhuvlw|/ +Ghfhpehu,1
Udssdsruw/ Mrugdq +4<<<,1 ￿Orfdo Jurzwk Hpslulfv1￿ Plphr/ Fhqwhu iru Lqwhuqdwlrqdo Ghyhors0
phqw/ Kduydug Xqlyhuvlw|/ +Pd|,1
Udssdsruw/ Mrugdq dqg Mh￿uh| Vdfkv +4<<<,1 ￿Wkh X1V1 dv d Frdvwdo Qdwlrq1￿ Plphr/ Fhqwhu iru
Lqwhuqdwlrqdo Ghyhorsphqw dw Kduydug Xqlyhuvlw|/ +Pd|,1
Udssdsruw/ Mrugdq dqg Mh￿uh| Vdfkv +4<<;,1 ￿Furvv0Vhfwlrqdo Gdwd rq Jhrjudsk|/ Wudqvsruwdwlrq
Lqiudvwuxfwxuh/ dqg Flylf Fxowxuh iru X1V1 Frxqwlhv Flufd 4<:31￿ Zrunlqj Yhuvlrq/ Fhqwhu iru
Lqwhuqdwlrqdo Ghyhorsphqw dw Kduydug Xqlyhuvlw|/ +Qryhpehu,1
Uredfn/ Mhqqlihu +4<;5,1 ￿Zdjhv/ Uhqwv/ dqg wkh Txdolw| ri Olih1￿ Mrxuqdo ri Srolwlfdo Hfrqrp| <3/
9 +Ghf1,/ ss1 458: ￿ 45:;1
Urvhq/ Vkhuzlq +4<:<,1 ￿Zdjh0Edvhg Lqgh{hv ri Xuedq Txdolw| ri Olih1￿ Lq Plh}nrzvnl dqg
Vwudv}khlp/ Hgv1/ Fxuuhqw Lvvxhv lq Xuedq Hfrqrplfv1 Edowlpruh= Mrkqv Krsnlqv Xqlyhuvlw| Suhvv1
Wlherxw/ Fkduohv P1 +4<89,1 ￿D Sxuh Wkhru| ri Orfdo H{shqglwxuhv1￿ Mrxuqdo ri Srolwlfdo Hfrqrp|
97/ 8 +Rfw1,/ ss1 749 ￿ 7571
79A. High Capital Mobility (qK* = 1.14), Narrow Capital Share (a a = 0.30)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)
pop  capital  wages  level time t=1   t=5   t=10   t=20   80%  90%  95%   99%
1.000625 -0.212 0.397 0.182 0.72 4.3 0.697 0.888 0.952 0.985 2.6 5.6 9.7 24.0
high 1.00125 -0.132 0.426 0.167 0.78 5.1 0.689 0.878 0.952 0.987 2.8 6.0 9.7 22.9
1.0025 -0.078 0.443 0.156 0.84 6.2 0.684 0.869 0.951 0.988 3.0 6.3 9.9 21.4
1.005 -0.044 0.461 0.152 0.89 7.2 0.681 0.863 0.948 0.990 3.2 6.6 10.2 20.2
base 1.01 -0.025 0.476 0.150 0.93 8.1 0.679 0.859 0.946 0.990 3.3 6.8 10.5 19.8
1.02 -0.013 0.478 0.147 0.96 9.0 0.679 0.856 0.944 0.990 3.3 6.9 10.6 19.7
1.04 -0.007 0.489 0.149 0.98 9.6 0.679 0.855 0.943 0.990 3.3 7.0 10.7 19.8
low 1.08 -0.004 0.485 0.147 0.99 9.8 0.678 0.855 0.942 0.990 3.3 7.0 10.8 19.8
1.16 -0.002 0.487 0.147 0.99 9.7 0.678 0.854 0.942 0.990 3.4 7.0 10.8 19.9
1.32 -0.001 0.489 0.147 1.00 9.4 0.678 0.854 0.942 0.990 3.4 7.0 10.8 19.9
zero    ¥ 0.483 0.145 0.678 0.854 0.942 0.990 3.4 7.0 10.9 19.9
B. Base Capital Mobility (qK* = 1.56), Narrow Capital Share (a a = 0.30)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)
pop  capital  wages  level time t=1   t=5   t=10   t=20   80%  90%  95%   99%
1.000625 -0.246 0.193 0.132 0.63 5.5 0.673 0.834 0.903 0.951 3.7 9.6 19.7 47.7
high 1.00125 -0.159 0.204 0.109 0.68 6.9 0.661 0.818 0.899 0.953 4.4 10.1 19.0 47.4
1.0025 -0.100 0.217 0.095 0.74 8.4 0.654 0.802 0.892 0.955 4.9 10.7 18.5 46.4
1.005 -0.061 0.229 0.087 0.80 10.0 0.649 0.789 0.883 0.956 5.4 11.4 18.5 44.1
base 1.01 -0.035 0.240 0.083 0.86 12.0 0.647 0.781 0.876 0.955 5.8 12.0 18.9 40.7
1.02 -0.020 0.248 0.080 0.91 13.6 0.646 0.776 0.870 0.953 6.0 12.5 19.4 38.4
1.04 -0.011 0.253 0.079 0.94 15.2 0.645 0.774 0.867 0.951 6.1 12.8 19.8 37.5
low 1.08 -0.006 0.259 0.080 0.97 16.1 0.645 0.772 0.865 0.950 6.2 13.0 20.0 37.3
1.16 -0.003 0.260 0.079 0.98 16.9 0.645 0.772 0.864 0.949 6.3 13.1 20.2 37.3
1.32 -0.002 0.263 0.079 0.99 17.1 0.645 0.772 0.864 0.949 6.3 13.1 20.3 37.3
zero    ¥ 0.259 0.078 0.645 0.771 0.863 0.948 6.3 13.2 20.4 37.4
C. Low Capital Mobility (qK* = 3.24), Narrow Capital Share (a a = 0.30)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)
pop  capital  wages  level time t=1   t=5   t=10   t=20   80%  90%  95%   99%
1.000625 -0.260 0.115 0.113 0.57 6.5 0.662 0.804 0.867 0.916 4.8 15.7 33.3 75.5
high 1.00125 -0.174 0.122 0.089 0.62 8.2 0.650 0.784 0.861 0.918 5.7 15.6 32.6 76.0
1.0025 -0.111 0.128 0.072 0.67 10.0 0.642 0.765 0.849 0.919 6.7 16.0 31.3 76.3
1.005 -0.071 0.137 0.062 0.73 12.3 0.636 0.749 0.836 0.917 7.6 16.9 30.1 76.2
base 1.01 -0.043 0.145 0.057 0.79 15.0 0.633 0.737 0.823 0.913 8.4 17.9 29.6 74.0
1.02 -0.025 0.151 0.053 0.85 17.6 0.631 0.730 0.814 0.908 9.0 18.8 29.9 68.1
1.04 -0.014 0.156 0.051 0.90 20.6 0.630 0.726 0.808 0.903 9.4 19.6 30.6 62.9
low 1.08 -0.008 0.160 0.050 0.94 22.7 0.629 0.724 0.805 0.899 9.6 20.1 31.1 60.3
1.16 -0.004 0.165 0.051 0.96 24.6 0.629 0.723 0.803 0.897 9.8 20.4 31.5 59.4
1.32 -0.002 0.165 0.050 0.98 25.3 0.629 0.722 0.802 0.896 9.8 20.6 31.8 59.2
zero    ¥ 0.167 0.050 0.629 0.721 0.801 0.895 9.9 20.8 32.1 59.1
Time to Reach
Relative Wage
Numerical results for a negative capital shock that drops wages to 60% of their steady-state level. For narrow capital 





































Relative Wage at Time
(in years)D. High Capital Mobility (qK* = 1.14), Broad Capital Share (a a = 0.60)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)
pop  capital  wages  level time t=1   t=5   t=10   t=20   80%  90%  95%   99%
1.000625 -0.179 0.095 0.164 0.74 4.9 0.690 0.871 0.930 0.967 2.8 6.7 14.1 38.1
high 1.00125 -0.118 0.102 0.132 0.78 5.9 0.674 0.851 0.928 0.969 3.4 7.5 13.7 37.5
1.0025 -0.072 0.108 0.108 0.82 7.1 0.663 0.831 0.921 0.972 4.0 8.3 13.7 36.0
1.005 -0.044 0.115 0.095 0.87 8.7 0.655 0.814 0.912 0.974 4.5 9.1 14.2 33.1
base 1.01 -0.025 0.120 0.087 0.91 10.1 0.651 0.802 0.903 0.974 4.9 9.8 14.8 30.1
1.02 -0.014 0.124 0.083 0.94 11.3 0.649 0.795 0.896 0.973 5.2 10.3 15.4 28.8
1.04 -0.008 0.128 0.081 0.96 12.5 0.648 0.790 0.892 0.971 5.4 10.6 15.8 28.5
low 1.08 -0.004 0.131 0.081 0.98 13.1 0.647 0.788 0.890 0.970 5.4 10.8 16.0 28.5
1.16 -0.002 0.130 0.080 0.99 13.2 0.647 0.787 0.888 0.970 5.5 10.9 16.2 28.6
1.32 -0.001 0.132 0.080 0.99 13.3 0.647 0.786 0.888 0.969 5.5 10.9 16.2 28.6
zero    ¥ 0.128 0.077 0.646 0.786 0.887 0.969 5.5 11.0 16.3 28.8
E. Base Capital Mobility (qK* = 1.56), Broad Capital Share (a a = 0.60)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)
pop  capital  wages  level time t=1   t=5   t=10   t=20   80%  90%  95%   99%
1.000625 -0.192 0.045 0.142 0.68 6.1 0.678 0.836 0.890 0.927 3.6 12.0 30.6 69.9
high 1.00125 -0.129 0.048 0.106 0.71 7.7 0.660 0.811 0.883 0.929 4.6 12.5 29.9 71.0
1.0025 -0.086 0.051 0.082 0.75 9.5 0.647 0.784 0.869 0.930 5.7 13.5 28.5 71.8
1.005 -0.054 0.055 0.066 0.79 11.7 0.638 0.760 0.851 0.928 6.9 14.9 27.3 72.4
base 1.01 -0.034 0.059 0.055 0.84 14.2 0.633 0.741 0.832 0.923 8.0 16.4 27.1 71.4
1.02 -0.020 0.062 0.049 0.88 17.1 0.629 0.728 0.817 0.915 8.9 17.8 27.8 66.4
1.04 -0.011 0.065 0.046 0.92 19.5 0.627 0.720 0.806 0.907 9.6 19.0 28.8 59.3
low 1.08 -0.006 0.067 0.044 0.95 21.2 0.626 0.716 0.800 0.902 10.0 19.8 29.7 56.0
1.16 -0.003 0.068 0.043 0.97 22.9 0.626 0.714 0.796 0.898 10.3 20.3 30.3 55.0
1.32 -0.002 0.068 0.042 0.98 23.6 0.625 0.712 0.795 0.896 10.4 20.5 30.6 54.8
zero    ¥ 0.068 0.041 0.625 0.711 0.792 0.894 10.6 20.9 31.1 54.8
F. Low Capital Mobility (qK* = 3.24), Broad Capital Share (a a = 0.60)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)
pop  capital  wages  level time t=1   t=5   t=10   t=20   80%  90%  95%   99%
1.000625 -0.191 0.026 0.130 0.66 7.3 0.672 0.816 0.864 0.896 4.2 21.8 53.3 98.3
high 1.00125 -0.129 0.028 0.094 0.68 9.2 0.654 0.789 0.855 0.896 5.5 21.5 53.2 102.5
1.0025 -0.087 0.029 0.070 0.71 11.5 0.641 0.760 0.838 0.896 7.1 21.5 52.2 105.3
1.005 -0.058 0.032 0.054 0.75 14.4 0.632 0.733 0.815 0.890 8.9 22.4 50.2 108.2
base 1.01 -0.037 0.034 0.042 0.79 17.9 0.625 0.712 0.791 0.879 10.7 24.2 47.2 111.0
1.02 -0.022 0.035 0.035 0.83 21.6 0.621 0.696 0.770 0.865 12.5 26.4 45.3 112.1
1.04 -0.013 0.038 0.031 0.88 25.6 0.619 0.686 0.755 0.851 14.1 28.5 45.5 108.6
low 1.08 -0.008 0.040 0.029 0.92 30.0 0.617 0.680 0.746 0.840 15.2 30.3 46.5 100.3
1.16 -0.004 0.041 0.028 0.95 33.0 0.617 0.677 0.740 0.833 15.9 31.6 47.7 92.5
1.32 -0.002 0.042 0.027 0.97 36.1 0.616 0.675 0.737 0.829 16.4 32.4 48.6 84.6
zero    ¥ 0.043 0.026 0.616 0.673 0.733 0.824 17.0 33.6 50.0 87.9
Time to Reach
Relative Wage










Numerical results for a negative capital shock that drops wages to 60% of their steady-state level. For narrow capital 
share, (a = 0.60), per capita capital stock drops to 42.7% of its steady-state level.


























Relative Wage at Time
(in years)A. High Capital Mobility (qK* = 1.14), Narrow Capital Share (a a = 0.30)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)
capital wages house val init. house s.s. house s.s. assts s.s. pop t=0   t=10   t=20   50%   75%
1.0025 0.0186 0.0009 0.0027 1.209 1.250 0.968 1.199 0.0156 0.0065 0.0028 8.1 16.3
1.005 0.0168 0.0016 0.0026 1.199 1.250 0.971 1.198 0.0115 0.0063 0.0032 10.6 21.1
base 1.01 0.0149 0.0020 0.0024 1.187 1.250 0.973 1.198 0.0082 0.0055 0.0034 14.5 28.7
1.02 0.0132 0.0022 0.0022 1.170 1.249 0.977 1.198 0.0057 0.0044 0.0032 20.7 41.0
1.04 0.0118 0.0024 0.0018 1.150 1.249 0.979 1.197 0.0038 0.0033 0.0026 30.8 61.2
low 1.08 0.0107 0.0025 0.0015 1.127 1.249 0.981 1.197 0.0025 0.0023 0.0020 47.6 95.0
1.16 0.0099 0.0025 0.0011 1.105 1.249 0.982 1.197 0.0016 0.0015 0.0014 76.4 145.3
1.32 0.0093 0.0025 0.0008 1.086 1.249 0.983 1.197 0.0010 0.0009 0.0009 124.9 205.0
B. Base Capital Mobility (qK* = 1.56), Narrow Capital Share (a a = 0.30)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)
capital wages house val init. house s.s. house s.s. assts s.s. pop t=0   t=10   t=20   50%   75%
1.005 0.0102 0.0001 0.0025 1.187 1.248 0.948 1.200 0.0100 0.0055 0.0032 13.2 27.4
base 1.01 0.0092 0.0006 0.0023 1.176 1.248 0.953 1.199 0.0073 0.0049 0.0033 17.1 34.4
1.02 0.0082 0.0009 0.0021 1.162 1.247 0.958 1.198 0.0052 0.0040 0.0030 23.3 46.1
1.04 0.0072 0.0011 0.0018 1.143 1.247 0.962 1.198 0.0035 0.0031 0.0025 33.2 65.6
low 1.08 0.0064 0.0012 0.0014 1.123 1.247 0.967 1.197 0.0023 0.0022 0.0019 49.9 98.8
1.16 0.0058 0.0013 0.0011 1.102 1.247 0.970 1.197 0.0015 0.0014 0.0013 78.2 155.5
1.32 0.0053 0.0013 0.0008 1.083 1.247 0.972 1.197 0.0009 0.0009 0.0009 126.4 239.9
C. Low Capital Mobility (qK* = 3.24), Narrow Capital Share (a a = 0.30)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)
capital wages house val init. house s.s. house s.s. assts s.s. pop t=0   t=10   t=20   50%   75%
1.02 0.0056 0.0003 0.0019 1.150 1.243 0.945 1.198 0.0047 0.0036 0.0028 26.9 54.3
1.04 0.0050 0.0005 0.0017 1.135 1.243 0.950 1.197 0.0033 0.0028 0.0024 36.9 73.2
low 1.08 0.0044 0.0007 0.0014 1.116 1.243 0.956 1.196 0.0022 0.0020 0.0018 53.6 105.6
1.16 0.0039 0.0008 0.0010 1.097 1.243 0.961 1.195 0.0014 0.0013 0.0013 81.8 161.8
1.32 0.0035 0.0008 0.0007 1.080 1.243 0.964 1.195 0.0009 0.0009 0.0008 129.6 257.3
Time to Close 
Dist. to S.S.
Numerical results for a positive change in total factor productivity such that new steady-state wage level is 1.05 times old 
level. For narrow capital share, (a = 0.30), this implies a 3.47% rise in TFP. 










House Value, Asset Wealth, Population
(Initial & Steady State Levels)
Net Migration Rate at Time
(in years)
Time to Close 
Dist. to S.S.
House Value, Asset Wealth, Population
(Initial & Steady State Levels)









House Value, Asset Wealth, Population
(Initial & Steady State Levels)
Net Migration Rate at Time
(in years)






(w) D. High Capital Mobility (qK* = 1.14), Broad Capital Share (a a = 0.60)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)
capital wages house val init. house s.s. house s.s. assts s.s. pop t=0   t=10   t=20   50%   75%
high 1.00125 0.0127 0.0012 0.0022 1.160 1.201 0.978 1.164 0.0107 0.0050 0.0026 10.5 21.4
1.0025 0.0121 0.0020 0.0021 1.156 1.201 0.979 1.164 0.0087 0.0050 0.0028 11.8 23.6
1.005 0.0113 0.0026 0.0021 1.151 1.201 0.980 1.164 0.0069 0.0047 0.0029 14.0 27.5
base 1.01 0.0105 0.0031 0.0019 1.143 1.200 0.981 1.163 0.0053 0.0042 0.0029 17.6 34.2
1.02 0.0095 0.0034 0.0017 1.131 1.200 0.983 1.162 0.0039 0.0034 0.0026 23.5 45.7
1.04 0.0086 0.0035 0.0015 1.116 1.200 0.984 1.162 0.0027 0.0026 0.0021 33.3 65.2
low 1.08 0.0080 0.0037 0.0012 1.099 1.200 0.986 1.162 0.0018 0.0018 0.0016 49.8 98.4
1.16 0.0073 0.0037 0.0009 1.082 1.200 0.986 1.161 0.0012 0.0012 0.0011 78.1 155.4
1.32 0.0070 0.0038 0.0006 1.067 1.200 0.987 1.161 0.0007 0.0008 0.0007 126.8 224.3
E. Base Capital Mobility (qK* = 1.56), Broad Capital Share (a a = 0.60)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)
capital wages house val init. house s.s. house s.s. assts s.s. pop t=0   t=10   t=20   50%   75%
1.005 0.0063 0.0007 0.0018 1.129 1.196 0.968 1.164 0.0052 0.0035 0.0025 21.3 43.5
base 1.01 0.0059 0.0011 0.0017 1.124 1.195 0.969 1.163 0.0041 0.0032 0.0025 24.7 49.2
1.02 0.0054 0.0014 0.0016 1.115 1.195 0.972 1.163 0.0031 0.0027 0.0023 30.4 59.4
1.04 0.0050 0.0017 0.0014 1.104 1.195 0.974 1.162 0.0023 0.0021 0.0019 40.0 77.6
low 1.08 0.0045 0.0018 0.0011 1.090 1.195 0.976 1.161 0.0016 0.0016 0.0015 56.2 109.6
1.16 0.0041 0.0019 0.0008 1.075 1.195 0.978 1.160 0.0010 0.0011 0.0010 84.2 165.3
1.32 0.0039 0.0019 0.0006 1.062 1.195 0.979 1.160 0.0007 0.0007 0.0007 131.7 260.6
F. Low Capital Mobility (qK* = 3.24), Broad Capital Share (a a = 0.60)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)
capital wages house val init. house s.s. house s.s. assts s.s. pop t=0   t=10   t=20   50%   75%
base 1.01 0.0037 0.0003 0.0014 1.102 1.186 0.963 1.160 0.0033 0.0025 0.0019 34.6 71.1
1.02 0.0035 0.0006 0.0013 1.097 1.186 0.965 1.159 0.0025 0.0021 0.0018 40.2 80.3
1.04 0.0032 0.0008 0.0012 1.088 1.186 0.968 1.158 0.0018 0.0017 0.0016 49.8 97.4
low 1.08 0.0029 0.0010 0.0010 1.078 1.186 0.971 1.157 0.0013 0.0013 0.0012 66.2 128.2
1.16 0.0027 0.0011 0.0008 1.066 1.186 0.973 1.156 0.0009 0.0009 0.0009 94.1 182.8
1.32 0.0025 0.0012 0.0005 1.055 1.185 0.975 1.155 0.0006 0.0006 0.0006 141.5 277.2
Table 3: Mobility Following a Productivity Shock (continued)
Numerical results for a positive change in total factor productivity such that new steady-state wage level is 1.05 times old 
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House Value, Asset Wealth, Population
(Initial & Steady State Levels)
Net Migration Rate at Time
(in years)
Time to Close 
Dist. to S.S.A. High Capital Mobility (qK* = 1.14), Narrow Capital Share (a a = 0.30)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)
capital wages house val level time init. house s.s. assts s.s. pop t=0   t=10   t=20   50%   75%
1.000625 0.0151 -0.0064 0.0030 0.990 4.5 1.174 0.975 1.203 0.0363 0.0051 0.0017 4.1 9.8
high 1.00125 0.0132 -0.0038 0.0029 0.992 5.6 1.169 0.978 1.202 0.0259 0.0059 0.0020 5.4 11.8
1.0025 0.0111 -0.0023 0.0028 0.994 6.6 1.163 0.982 1.202 0.0187 0.0064 0.0026 7.1 14.9
1.005 0.0089 -0.0013 0.0026 0.996 8.2 1.153 0.985 1.202 0.0133 0.0063 0.0031 9.7 19.9
B. Base Capital Mobility (qK* = 1.56), Narrow Capital Share (a a = 0.30)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)
capital wages house val level time init. house s.s. assts s.s. pop t=0   t=10   t=20   50%   75%
1.000625 0.0092 -0.0071 0.0028 0.986 5.8 1.162 0.956 1.205 0.0329 0.0043 0.0021 5.2 15.4
high 1.00125 0.0084 -0.0047 0.0027 0.988 7.2 1.159 0.960 1.205 0.0241 0.0051 0.0023 6.6 17.0
1.0025 0.0075 -0.0030 0.0026 0.990 9.1 1.154 0.964 1.204 0.0173 0.0057 0.0026 8.5 19.7
1.005 0.0063 -0.0019 0.0025 0.992 11.0 1.146 0.969 1.204 0.0126 0.0057 0.0030 11.2 24.3
base 1.01 0.0051 -0.0011 0.0024 0.994 13.3 1.135 0.975 1.203 0.0089 0.0052 0.0032 15.2 31.8
1.02 0.0040 -0.0007 0.0021 0.996 16.4 1.119 0.981 1.202 0.0061 0.0043 0.0031 21.5 43.9
1.04 0.0024 -0.0009 0.0018 0.993 22.9 1.094 0.988 1.204 0.0038 0.0030 0.0024 35.9 60.4
low 1.08 0.0017 -0.0005 0.0014 0.995 28.3 1.075 0.992 1.203 0.0025 0.0022 0.0019 52.8 88.1
C. Low Capital Mobility (qK* = 3.24), Narrow Capital Share (a a = 0.30)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)
capital wages house val level time init. house s.s. assts s.s. pop t=0   t=10   t=20   50%   75%
1.000625 0.0061 -0.0079 0.0027 0.983 6.7 1.150 0.944 1.208 0.0323 0.0035 0.0020 6.4 23.4
high 1.00125 0.0057 -0.0053 0.0026 0.985 8.8 1.147 0.947 1.207 0.0234 0.0043 0.0021 7.9 24.5
1.0025 0.0052 -0.0034 0.0025 0.987 10.8 1.143 0.952 1.207 0.0166 0.0050 0.0024 9.9 26.6
1.005 0.0046 -0.0022 0.0024 0.989 13.8 1.137 0.957 1.206 0.0120 0.0052 0.0028 12.8 30.7
base 1.01 0.0039 -0.0014 0.0023 0.992 16.7 1.127 0.964 1.205 0.0085 0.0049 0.0030 17.1 37.8










House Value, Assets, Pop.
(Initial, Steady State Levels)
Net Migration Rate at Time
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Time to Close 
Dist. to S.S.
Numerical results for a positive change in quality of life such that individuals are willing to pay 20% more for housing services while still 








House Value, Assets, Pop.
(Initial, Steady State Levels)
Relative Wage
Minimum
Net Migration Rate at Time
(in years)
Time to Close 
Dist. to S.S.
Table 4: Mobility Following a Quality-of-Life ShockD. High Capital Mobility (qK* = 1.14), Broad Capital Share (a a = 0.60)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)
capital wages house val level time init. house s.s. assts s.s. pop t=0   t=10   t=20   50%   75%
1.000625 0.0108 -0.0125 0.0028 0.980 5.0 1.162 0.983 1.205 0.0316 0.0049 0.0024 6.0 15.9
high 1.00125 0.0098 -0.0082 0.0028 0.983 6.2 1.159 0.984 1.205 0.0235 0.0054 0.0026 7.2 17.3
1.0025 0.0086 -0.0052 0.0027 0.986 7.5 1.154 0.986 1.204 0.0173 0.0058 0.0028 8.8 19.8
1.005 0.0073 -0.0031 0.0026 0.990 9.4 1.146 0.988 1.204 0.0125 0.0058 0.0031 11.4 24.2
base 1.01 0.0058 -0.0018 0.0024 0.993 11.3 1.135 0.990 1.203 0.0088 0.0052 0.0033 15.3 31.4
1.02 0.0044 -0.0010 0.0022 0.995 13.4 1.120 0.993 1.202 0.0061 0.0043 0.0031 21.5 43.4
1.04 0.0031 -0.0006 0.0019 0.997 15.8 1.101 0.995 1.202 0.0041 0.0033 0.0026 31.6 63.4
low 1.08 0.0021 -0.0003 0.0015 0.998 19.1 1.080 0.997 1.201 0.0026 0.0023 0.0020 48.4 97.0
1.16 0.0014 -0.0002 0.0011 0.999 22.0 1.059 0.998 1.201 0.0017 0.0015 0.0014 76.9 153.9
E. Base Capital Mobility (qK* = 1.56), Broad Capital Share (a a = 0.60)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)
capital wages house val level time init. house s.s. assts s.s. pop t=0   t=10   t=20   50%   75%
1.000625 0.0061 -0.0136 0.0026 0.974 6.3 1.142 0.971 1.210 0.0288 0.0036 0.0023 9.6 29.2
high 1.00125 0.0057 -0.0094 0.0025 0.976 8.0 1.140 0.972 1.209 0.0213 0.0041 0.0024 10.6 30.1
1.0025 0.0053 -0.0063 0.0025 0.979 9.9 1.136 0.974 1.209 0.0157 0.0046 0.0025 12.2 31.9
1.005 0.0047 -0.0039 0.0024 0.983 12.2 1.131 0.978 1.208 0.0112 0.0048 0.0028 14.8 35.3
base 1.01 0.0040 -0.0025 0.0023 0.986 15.7 1.122 0.981 1.206 0.0082 0.0046 0.0029 18.8 41.7
1.02 0.0032 -0.0015 0.0020 0.990 19.0 1.110 0.985 1.205 0.0057 0.0039 0.0028 25.1 52.9
1.04 0.0024 -0.0008 0.0018 0.993 23.4 1.094 0.988 1.204 0.0038 0.0031 0.0024 35.1 72.0
low 1.08 0.0017 -0.0005 0.0014 0.995 28.3 1.076 0.992 1.203 0.0025 0.0022 0.0019 51.9 104.8
1.16 0.0011 -0.0003 0.0011 0.997 33.3 1.056 0.995 1.202 0.0016 0.0015 0.0013 80.3 161.2
1.32 0.0007 -0.0002 0.0008 0.998 39.1 1.039 0.996 1.201 0.0010 0.0009 0.0009 128.3 257.0
F. Low Capital Mobility (qK* = 3.24), Broad Capital Share (a a = 0.60)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)
capital wages house val level time init. house s.s. assts s.s. pop t=0   t=10   t=20   50%   75%
1.000625 0.0039 -0.0145 0.0023 0.970 7.2 1.124 0.964 1.214 0.0280 0.0027 0.0018 14.1 46.7
high 1.00125 0.0037 -0.0099 0.0023 0.972 9.5 1.123 0.966 1.213 0.0203 0.0032 0.0019 14.9 47.3
1.0025 0.0035 -0.0069 0.0023 0.974 12.1 1.120 0.968 1.212 0.0150 0.0038 0.0020 16.4 48.7
1.005 0.0032 -0.0046 0.0022 0.977 15.3 1.116 0.971 1.211 0.0108 0.0042 0.0023 19.0 51.5
base 1.01 0.0028 -0.0030 0.0021 0.981 19.1 1.109 0.974 1.210 0.0077 0.0041 0.0025 23.2 56.9
1.02 0.0024 -0.0018 0.0019 0.985 23.7 1.099 0.978 1.208 0.0053 0.0036 0.0025 29.7 67.2
1.04 0.0019 -0.0011 0.0017 0.988 30.0 1.086 0.983 1.207 0.0037 0.0029 0.0022 40.1 85.6
low 1.08 0.0014 -0.0006 0.0014 0.992 37.1 1.070 0.987 1.205 0.0024 0.0021 0.0018 57.1 117.7
1.16 0.0010 -0.0004 0.0011 0.994 45.0 1.053 0.991 1.203 0.0016 0.0014 0.0013 85.8 173.6
1.32 0.0006 -0.0002 0.0008 0.996 53.9 1.037 0.994 1.202 0.0010 0.0009 0.0009 133.9 268.9
House Value, Assets, Pop.
(Initial, Steady State Levels)
Net Migration Rate at Time
(in years)











House Value, Assets, Pop.
(Initial, Steady State Levels)
Net Migration Rate at Time
(in years)















Table 4: Mobility Following a Quality-of-Life Shock (continued)
House Value, Assets, Pop.
(Initial, Steady State Levels)
Net Migration Rate at Time
(in years)
Time to Close 
Dist. to S.S.
Numerical results for a positive change in quality of life such that individuals are willing to pay 20% more for housing services while still 





(w) a  = 0.30 Capital Share
Figure assumes a shock which reduces
initial physical capital stock such that
income is at 60% of its steady-state level
Exogenous Parameters
Figure 1: Time-Series Response to a Negative Capital Shock
Housing Share
d  = 0.05 Capital Depreciation Rate





Population Density L* =  1.058
gw =  0.083




Initial Net Migration gL = -0.035
Initial Rate
Gross Capital Formation gK =  0.240
Initial Relative
House Sales Price




Relative Wealth to Induce
1% Net Migration Rate w  = 1.01
Time Preference r  = 0.02




































































Net Migration RateFigure 2: High Versus Low Labor Mobility and Income Shocks
Minimum Population 
Density
Lmin,High =  0.680
Lmin,Low  =  0.966
Figure assumes a shock which reduces
initial physical capital stock such that
income is at 60% of its steady-state level.
Unless otherwise noted, parameters
are the same as in Figure 1.
gw,High =  0.109
gw,Low  =  0.080
Initial Income Growth
Exogenous Parameters
Relative Wealth to 
induce 1% Net 
Migration Rate
wHigh  = 1.00125





L*High =  1.053
L*Low  =  1.060
assts*High=  0.491




gL,Low  = -0.006
gK,High =  0.204
gK,Low  =  0.259




ValueHigh =  0.863






















































































MobilityFigure 3: Mobility and Income Convergence
Exogenous Parameters
Figure assumes a shock which reduces
initial physical capital stock such that
income is at 60% of its steady-state level.
Except as noted in figure, parameters
are the same as in Figure 1.

































1.000625 1.01 1.04 1.0025 1.16





































1.000625 1.01 1.04 1.0025 1.16




































































1.00875 1.14 1.56 1.035 3.24
w = 1.00125
w = 1.01
w = 1.08Time Preference r  = 0.02




Relative Wealth to Induce
1% Net Migration Rate w  = 1.01
Housing Share
d  = 0.05 Capital Depreciation Rate
z  = 0.20
Steady-State Relative
Asset Wealth
assts* =  0.953
Steady-State Relative






Gross Capital Formation gK = 0.0092
Initial Relative
House Sales Price
value =  1.176 
Figure 4: Time-Series Response to a Positive Productivity Shock
Initial House Sales Price
Growth Rate gv = 0.0023
Steady-State Relative
House Sales Price
value* =  1.248
a  = 0.30 Capital Share
Figure assumes a shock which increases
total factor  productivity such that





















































































Growth Ratea  = 0.30 Capital Share
Figure assumes a shock which increases quality of 
life such that individuals are willing to
pay 20% more for housing services while attaining 
reservation level of utility
Exogenous Parameters
Figure 5: Time-Series Response to a Positive Quality-of-Life Shock
Housing Share
d  = 0.05 Capital Depreciation Rate
z  = 0.20
Steady-State Relative
Asset Wealth
assts*=   0.975
Steady-State Relative
Population Density L* =   1.203
gw = -0.0011
Lmin =   0.994 Minimum
Population Density
Initial Income Growth
Initial Land Sales Price
Growth Rate gv =  0.0024
Endogenous Results
Initial Net Migration gL =  0.0089
Initial Rate
Gross Capital Formation gK =  0.0051
Initial Relative
House Sales Price




Relative Wealth to Induce
1% Net Migration Rate w  = 1.01
Time Preference r  = 0.02
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